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Description 

The present invention relates generally to an 
optoelectronic indentification system for use in 
identifying a disposable component, and more par- 
ticularly to a system for identifying which of a 
plurality of different disposable cassettes is in- 
stalled onto a main pump unit in a medical infusion 
system. 

In the past there have been two primary tech- 
niques which have been used to deliver drugs 
which may not be orally ingested to a patient. The 
first such technique is through an injection, or shot, 
using a syringe and needle which delivers a large 
dosage at relatively infrequent intervals to the pa- 
tient. This technique is not always satisfactory, 
particularly when the drug being administered is 
potentially lethal, has negative side effects when 
delivered in a large dosage, or must be delivered 
more or less continuously to achieve the desired 
therapeutic effect. This problem results in smaller 
injections being given at more frequent intervals, a 
compromise approach not yielding satisfactory re- 
sults. 

The second technique involves administering a 
continuous flow of medication to the patient, typi- 
cally through an IV bottle. Medication may also be 
delivered through an IV system with an injection 
being made into a complex maze of IV tubes, 
hoses, and other paraphernalia. With drop counters 
being used to meter the amount of bulk fluid deliv- 
ered, many medications still end up being admin- 
istered in a large dosage through an injection into 
the IV lines, although the medications may be 
diluted somewhat by the bulk fluid. 

As an alternative to these two techniques of 
administering medication to a patient, the relatively 
recent addition of medication infusion pumps has 
come as a welcome improvement. Medication infu- 
sion pumps are used to administer drugs to a 
patient in small, metered doses at frequent inter- 
vals or, alternatively, in the case of some devices, 
at a low but essentially continuous rate. Infusion 
pump therapy may be electronically controlled to 
deliver precise, metered doses at exactly deter- 
mined intervals, thereby providing a beneficial 
gradual infusion of medication to the patient. In this 
manner, the infusion pump is able to mimic a 
natural process whereby chemical balances are 
maintained more precisely by operating on a con- 
tinuous time basis. 

One of the requirements of a medication infu- 
sion system is dictated by the important design 
consideration of disposability. Since the portion of 
the device through which the medication is 
pumped must be sterile, in most applications of 
modern medication infusion equipment, some por- 
tions of the equipment are used only once and 



then disposed of, typically at regular intervals such 
as once daily. It is therefore desirable that the fluid 
pump portion of the infusion pump device should 
be disposable, with the fluid pump being designed 

s as an attachable cassette which is of inexpensive 
design, and which is easily installable onto the 
main pump unit. 

It is clearly desirable to have a simple dispos- 
able cassette design to minimise the cost of con- 

70 struction of the cassette, using the minimum num- 
ber of parts necessary in its design. The design of 
the cassette must be mass producible, and yet 
result in a uniform cassette which is capable of 
delivering liquid medication or other therapeutic 

75 fluids with a high degree of accuracy. The cassette 
should include more than just a fluid pump; other 
features which have formerly been included in pe- 
ripheral devices should also be included in the 
cassette. 

20 It may of course be desirable to use several 

different types of disposable cassettes with a medi- 
cation infusion system. Different disposable cas- 
settes may be used which have different stroke 
volumes, and special purpose cassettes such as 

25 enteral pump cassettes, continuous arterio-venous 
hemofiltration (CAVH) cassettes, continuous blood 
sampling cassettes, or autotransfusion cassettes 
may also be used with a medication infusion sys- 
tem to give it the broadest possible range of uses. 

30 The use of the wrong cassette may be dangerous, 
and so it is highly desirable to provide means to 
identify the particular cassette (or cassettes) in- 
stalled on the main pump unit. 

It is therefore a primary objective of the 

35 present invention to provide a disposable cassette 
containing a plurality of identifying bits for use with 
a main pump unit having apparatus for reading the 
identifying bits contained on the disposable cas- 
sette. The disposable cassette of the present in- 

40 vention should be of an advanced design retaining 
all of the advantages of such devices known in the 
past, and should include the identifying bits in an 
integral fashion in the construction of the cassette. 
It is a further object of the invention that the pro- 

45 cess whereby the main pump unit identifies the 
particular type of disposable cassette installed 
should be fully automatic, and require no user input 
whatsoever. It is of course highly desirable to avoid 
the possibility of user error in indicating to the main 

so pump unit what types of cassettes are installed on 
the main pump unit. 

It is a further object of the invention to enable 
several different cassettes to be identifiable by the 
system, and it is also desirable to provide a redun- 

55 dant system to minimise the possibility of errors 
being made in the identification of the cassette 
when it is installed onto the main pump unit. In 
addition, the inclusion of the identifying indicia on 
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the disposable cassette should be effected in a 
fashion which minimises the cost of including the 
indicia while maximising the reliability of the sys- 
tem. 

US Patent No. 4557725 discloses an I.V. pump 
cassette system including an LED and a photosen- 
sor positioned in a housing for the cassette, ar- 
ranged to indicate when a cassette is in position. 

EP-A-225121 discloses a label printer which 
receives a label cassette. The printer has a mem- 
ory storing print parameters and a discriminator, 
comprising optical sensors, which scans selection 
elements on the cassette. The discriminator thus 
enables the appropriate print parameters to be 
selected. 

According to the present, there is provided an 
identification system for a disposable cassette in- 
stalled on a main unit in a medication infusion 
system including a first optical source providing a 
first light beam and a first optical signal sensor 
arranged to receive the first light beam, and a 
receiving module having an opening for receiving a 
projection on the cassette when the cassette is 
installed onto the main unit, characterised in that 
the receiving module is an optical receiving module 
mounted and further characterised by a second 
optical signal source providing a second light beam 
and a second optical signal sensor arranged to 
receive the second light beam; the first and second 
optical signal sources beinglocated in the optical 
receiving module on one side of the opening and 
the first and second optical signal sensors being 
Ideated in the optical receiving module on the other 
side of the opening, opposite the first and second 
optical signal sources; a first identification element 
located on the projection on the cassette for con- 
trolling the passage of the first light beam through 
the projection on the cassette from the first optical 
signal source to the first optical signal sensor, the 
first identification element alternatively being either 
conductive of light to allow passage of the first light 
beam or non-conductive of light to prevent passage 
of the first light beam; and second identification 
element located on the projection on the cassette 
for controlling the passage of the second light 
beam through the projection on the cassette from 
the second optical signal source to the second 
optical signal sensor, the second indentification ele- 
ment alternatively being either conductive of light 
to allow the passage of the second light beam or 
non-conductive of light to prevent passage of the 
second light beam. 

Preferably, there is a third optical signal source 
located in the optical receiving module on the said 
one side of the opening a second optical signal 
sensor locatd in the optical receiving module on 
the said other side of the opening, and a third 
identification element located on the projection on 



the cassette. Preferably, respective signal sources 
and signal sensors and indentification elements are 
aligned. 

A preferred form of the invention provides a 
5 system for providing identification information 
about a disposable cassette installed on a main 
unit in a medication infusion system or the like, 
comprising: a projection located on the cassette an 
optical receiving module mounted on the main unit, 

70 the optical receiving unit defining an opening for 
receiving the projection on the cassette when the 
. cassette is installed onto the main unit; first optical 
signal source means for providing a first light 
beam, the first optical signal source means being 

75 located in the optical receiving module on one side 
of the opening; second optical signal source means 
for providing a second light beam, the second 
optical signal source means also being located in 
the optical receiving module on the one side of the 

20 opening; first optical signal sensor means for re- 
ceiving the first light beam, the first optical signal 
sensor means being located in the optical receiving 
module on the other side of the opening opposite 
the first optical signal source means; second op- 

25 tical signal sensor means for receiving the second 
light beam, the second optical signal sensor means 
also being located in the optical receiving module 
on the other side of the opening opposite the 
second optical signal source means; first identifica- 

30 tion means for controlling the passage of the first 
light beam through the projection on the cassette 
from the first optical signal source means to the 
first optical signal sensor means, the first identifica- 
tion means being located on the projection; and 

35 second identification means for controlling the pas- 
sage of the second light beam through the projec- 
tion on the disposable cassette from the second 
optical signal source means to the second optical 
signal sensor means, the second identification 

40 means being located on the projection. 

Preferably, each identification element either 
allows the corresponding light beam to pass 
through the cassette from the respective signal 
source to respective signal sensor or prevents the 

45 light beam from passing. 

Preferably, at least two of the identification 
elements must provide a particular output in order 
for that output to be considered a valid output, and 
when two of the identification elements provide the 

so said output, the third identification element pro- 
vides the opposite output. Preferably, the optical 
signal source means are light emitting diodes 
and/or the optical signal sensor means are 
phototransistors. 

55 Preferably, the identification elements which 

pass light do so by conducting light from one side 
of the projection to the other, and preferably each 
comprises a cylindrical segment having one end 
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oriented towards one side of the opening in the 
optical receiving module and having the other end 
oriented towards the other side of the opening. 
Preferably, the identification elements which do not 
pass light either do so due to the presence on the 
projection of a material which is opaque to light or 
means located on the projection for diffusing light. 
The diffusing means may comprise an inverted V 
moulded into the projection, the inverted V being 
made of clear material, or a prism which is oriented 
to diffuse light. 

The disadvantages and limitations of the back- 
ground art discussed above are overcome by the 
present invention. With this invention, a disposable 
cassette having only seven components is de- 
scribed. The cassette uses a highly accurate and 
reliable piston-type fluid pump, which presents a 
number of operational advantages over competing 
designs which use a diaphragm pump, since dia- 
phragm pumps generally provide somewhat less 
accuracy than piston pumps. The pump also uses 
an active valve design of unparalleled accuracy, 
simplicity, and accuracy of operation. 

This cassette identification system is preferably 
accomplished by the use of the three optical cas- 
sette identifying indicia on the cassette, and an 
optical sensor module contained in the main pump 
unit, which together may be considered the subject 
of of the present invention. For the representation 
of a logic "ONE" the identifying indicia is transmis- 
sive of light. In the preferred embodiment, a clear 
plastics cylinder is used, which will transmit light 
from one end to the other. For the representation of 
a logic ZERO a moulded plastics prism is used 
which will disperse the light rather than transmit it. 

The sensor module, which is mounted on the 
main pump unit, may be essentially U-shaped, with 
one light source for each of the identifying bits 
mounted on one leg of the U, and one light sensor 
for each of the identifying bits mounted on the 
other leg of the U. When the disposable cassette is 
installed on the main pump unit, the identifying 
indicia on the cassette are located between the 
light sources and the light sensors on the optical 
module, and the outputs of the light sensors repre- 
sent the identifying bits. By using three binary bits, 
up to eight different codes may be generated. In 
the preferred embodiment, redundant coding is 
used to ensure fail-safe operation, and at least 
three different cassettes can be identified. In addi- 
tion, the absence of a cassette can also be de- 
tected. 

It is therefore apparent that the present inven- 
tion provides a disposable cassette containing a 
plurality of optical identifying bits for use with a 
main pump unit which has apparatus for reading 
the identifying bits contained on the disposable 
cassette. The disposable cassette of the present 



invention is of an advanced design retaining all of 
the advantages of such devices known in the past, 
and includes the identifying bits in an integral fash- 
ion in the construction of the cassette. The main 

5 pump unit contains an optical sensor module which 
reads the identifying bits on a disposable cassette 
installed onto the main pump unit. The process is 
fully automatic, and requires no user input whatso- 
ever. The possibility of user error in indicating to 

io the main pump unit what types of cassettes are 
installed on the main pump unit is thereby avoided. 

With three identification bits, eight different 
cassettes are identifiable by the system, and even 
with a redundant system being used to minimise 

15 the possibility of errors being made, three different 
cassettes may be identified. The inclusion of the 
identifying indicia on the disposable cassette is 
accomplished in a fashion both minimising the cost 
of including the indicia while maximising the re- 

20 liability of the system. A minimum number of parts 
are used in the construction of the cassette, all of 
which parts are of inexpensive construction, yet 
which afford the assembled cassette a high degree 
of accuracy. No identification system known in the 

25 art has even come close to combining these fea- 
tures. 

The cassette used with the present invention is 
of a design which enables it to compete ec- 
onomically with known systems. The transducer 

30 contained in the main pump unit, while of economi- 
cal construction, yet exhibits high reliability and 
accuracy of operation. The system provides an 
ease of use rivalling the best of any known system. 
The system accomplishes all of the above objects 

35 in manner which retains the advantages of reliabil- 
ity, durability, and safety of operation. The cassette 
identification system of the present invention pro- 
vides all of these advantages and overcomes the 
limitations of the background art without incurring 

40 any relative disadvantage. All the advantages of the 
present invention result in a superior medication 
infusion system which has a number of advantages 
making the system a highly desirable alternative to 
systems presently available. 

45 The invention may be carried into practice in 
various ways and some embodiments will now be 
described by way of example with reference to the 
accompanying drawings: In this description of the 
preferred embodiments, a uniform directional sys- 

so tern is used in which front, back, top, bottom, left 
and right are indicated with respect to the operat- 
ing position of the cassette and main pump unit 
when viewed from the front of the main pump unit. 
In the accompanying drawings: 

55 Figure 1 is a top plan view of a disposable 
cassette body showing most of the fluid path 
through the cassette: 
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Figure 2 is a top plan view of a disposable 
cassette body shown in Figure 1 ; 
Figure 3 is a rear-elevation (inverted) of the 
cassette body shown in Figures 1 and 2; 
Figure 4 is a bottom view of the cassette body 
shown in Figures 1 to 3; 

Figure 5 is a right side view (inverted) of the 
cassette body shown in Figures 1 to 4; 
Figure 6 is a left side view of the cassette body 
showing in Figures 1 to 5; 
Figure 7 is a partially cutaway view from the 
front of the cassette body shown in Figures 1 to 
6, showing the bubble trap used to remove air 
bubbles from the fluid supplied to the cassette; 
Figure 8 is a partially cutaway view from the 
right side (inverted) of the cassette body shown 
in Figures 1 to 6, showing the cylinder of the 
fluid pump contained in the cassette; 
Figure 9 is a top plan view of a valve diaphragm 
used to seal the passageways on the top sur- 
face of the cassette body showing in Figure 1 ; 
Figure 10 is a bottom view of the valve dia- 
phragm shown in Figure 9; 
Figure 11 is a vertical section through the valve 
diaphragm shown in Figures 9 and 10, viewed 
from the rear; 

Figure 12 is a partially cutaway view from the 
right side of the valve diaphragm shown in Fig- 
ures 9 and 10; 

Figure 13 is a top plan view of a valve dia- 
phragm retainer used to retain the valve dia- 
phragm shown in Figures 9 to 12; 
Figure 14 is a bottom view of the valve dia- 
phragm retainer shown in Figure 13; 
Figure 15 is a rear elevation of the valve dia- 
phragm retainer shown in Figures 13 and 14; 
Figure 16 is a front elevation of the valve dia- 
phragm retainer shown in Figures 13 to 15; 
Rgure 17 is a right side view of the valve 
diaphragm retainer shown in Figures 13 to 16; 
Rgure 18 is a left side view of the valve dia- 
phragm retainer shown in Figures 13 to 17; 
Rgure 19 is a vertical section through the valve 
diaphragm retainer shown in Figures 13 to 18, 
viewed from the front; 

Figure 20 is a partially cutaway view from the 
left side of the valve diaphragm retainer shown 
in Figures 13 to 19; 

Rgure 21 is a partially cutaway view from the 
right side of the valve diaphragm retainer shown 
in Figures 13 to 20; 

Rgure 22 is a top view of a bubble chamber 
cap; 

Figure 23 is a bottom view of the bubble cham- 
ber cap shown in Rgure 22; 
Rgure 24 is a left side view of the bubble 
chamber cap shown in Figures 22 and 23; 



Rgure 25 is a cutaway view from the rear of the 
bubble chamber cap shown in Rgures 22 to 24; 
Rgure 26 is a cutaway view (inverted) from the 
right side of the bubble chamber cap shown in 

5 Rgures 22 to 24; 

Rgure 27 is a top plan view of a slide latch used 
both the lock the cassette in place on a main 
pump unit, and to pinch off the IV outlet line 
prior to installation on the main pump unit; 

io Rgure 28 is a right side view of the slide latch 
shown in Figure 27; 

Rgure 29 is a bottom view of the slide latch 

shown in figures 27 and 28; 

Figure 30 is a rear view of the slide latch shown 
15 in Figures 27 to 29; 

Rgure 31 is a front elevation of the slide latch 

shown in Rgures 27 to 30; 

Figure 32 is a cutaway view (inverted) from the 

left side of the slide latch shown in Rgures 27 to 
20 31; 

Rgure 33 is a side view of the piston cap and 
boot seal, which function both as a piston and 
as a bacterial seal; 

Rgure 34 is a view from above of the piston cap 
25 and boot seal shown in Figure 33; 

Rgure 35 is a view from below of the piston cap 

and boot seal shown in Figures 33 and 34; 

Rgure 36 is a vertical section through the piston 

cap and boot seal shown in Figures 33 to 35; 
30 Figure 37 is a rear view of a piston for insertion 

into the piston cap and boot seal shown in 

Rgures 33 to 36; 

Figure 38 is a front view of the piston shown in 
Rgure 37; 

35 Figure 39 is a top view of the piston shown in 
Figures 37 and 38; 

Figure 40 is a left side view of the piston shown 
in Figures 37 to 39; 

Figure 41 is a bottom view of the piston shown 
40 in Rgures 37 to 40; 

Rgure 42 is a cutaway view (inverted) from the 
right side of the piston shown in Rgures 37 to 
41; 

Rgure 43 is a top plan view of an assembled 
45 cassette using the components shown in Rg- 
ures 1 to 42, with the slide latch in the closed 
position; 

Figure 44 is a bottom view of the assembled 
cassette shown in Rgure 43; 

so Rgure 45 is a front view of the assembled 
cassette shown in Rgures 43 and 44; 
Rgure 46 is a rear view (inverted) of the assem- 
bled cassette shown in Rgures 43 to 45; 
Figure 47 is a left side view of the assembled 

55 cassette shown in Figures 43 to 46; 

Figure 48 is a right side view of the assembled 
cassette shown in Figures 43 to 47; 
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Figure 49 is a left side view of the latch head 
used to capture and actuate the piston; 
Figure 50 is a right side view of the latch head 
shown in Figure 49; 

Rgure 51 is a bottom view of the latch head 5 
shown in Figures 49 and 50; 
Rgure 52 is top view of the latch head shown in 
Figures 49 to 51; 

Rgure 53 is a cutaway view from the right side 
of the latch head shown in Figures 49 to 52; w 
Rgure 54 is a right side view of the spring 
retainer to be mounted in the latch head shown 
in Figures 49 to 52; 

Rgure 55 is a front view of the spring retainer 
shown in Figure 54; 75 
Rgure 56 is a left side view of the latch jaw to 
be mounted on the latch head shown in Rgures 
49 to 52; 

Rgure 57 is a bottom view of the latch jaw 
shown in Rgure 56; 20 
Rgure 58 is a rear view of the latch jaw shown 
in Figures 56 and 57; 

Rgure 59 is a left side view of the jaws assem- 
bly in the open position, the jaws assembly 
being made up of the latch head shown in 25 
Rgures 49 to 52, the spring retainer shown in 
Rgures 54 and 55, the latch jaw shown in Rg- 
ures 56 to 58, a latch spring, and pins to assem- 
ble the various components together; 
Rgure 60 is a bottom view of the jaws assembly 30 
shown in Figure 59, with the jaws assembly 
being shown in the open position; 
Rgure 61 is a left side view of the jaws assem- 
bly shown in Figures 59 and 60, with the jaws 
assembly being shown in the closed position 35 
(and in the open position in phantom lines); 
Rgure 62 is a bottom plan view of the main 
pump unit chassis; 

Rgure 63 is a front view of the main pump unit 

chassis shown in Figure 62; ao 

Rgure 64 is a top plan view of the main pump 

unit chassis shown in Figures 62 and 63; 

Rgure 65 is a rear view (inverted) of the main 

pump unit chassis shown in Rgures 62 to 64; 

Rgure 66 is a bottom plan view of the cassette 45 

guide used to position the cassette of Rgures 

43 to 48 on the main pump unit; 

Rgure 67 is a top plan view of the cassette 

guide shown in Figure 66; 

Rgure 68 is a front view of the cassette guide so 

shown in Figures 66 and 67; 

Rgure 69 is a right side view of the cassette 

guide shown in Figures 66 to 68; 

Rgure 70 is a side view of the pump shaft on 

which the jaws assembly shown in Rgures 59 to 55 

61 is mounted; 

Rgure 71 is a right side view of the slide lock 
used to retain the cassette shown in Figures 43 



to 48 in position on the main pump unit; 

Figure 72 is a bottom view of the slide lock 

shown in Rgure 71 ; 

Figure 73 is a left side view (inverted) of the 
slide lock shown in Figures 71 and 72, showing 
the bevel used to reflect the light beam from the 
optical light source away from the optical light 
sensor when the slide lock is in the open posi- 
tion; 

Figure 74 is a top view of the slide lock shown 
in Rgures 71 to 73, showing the reflective sur- 
face used to reflect the light beam from the 
optical light source to the optical light sensor 
when the slide lock is in the closed position; 
Figure 75 is a front view of the slide lock shown 
in Rgures 71 to 74; 

Figure 76 is a rear view of the slide lock shown 
in Figures 71 to 75, showing the slanted sur- 
faced used to reflect the light beam away from 
the corresponding sensor when the slide lock is 
in the open position; 

Figure 77 is a side view of the power module 
cam used both to drive the pump through the 
pump shaft shown in Rgure 70 and to drive the 
valve actuators; 

Figure 78 is a side view of the power module 
cam rotated ninety degrees from the view of 
Figure 77; 

Figure 79 is a bottom view of the power module 
cam shown in Rgures 77 and 78; 
Figure 80 is a graph showing the inlet and outlet 
valve positions and the pump displacement plot- 
ted against the angular position of the power 
module cam shown in Figures 77 to 79; 
Rgure 81 is a front view of the drive assembly 
including the motor/cam mount, the motor, the 
power module cam shown in Rgures 77 to 79, 
and the position encoder assembly; 
Figure 82 is a top view of the motor/cam mount 
included in the drive assembly shown in Rgure 
81; 

Figure 83 is a top view of one of the actuator 
guides used to guide and retain in position the 
valve actuators for one cassette; 
Figure 84 is a side view of the actuator guide 
shown in Figure 83; 

Figure 85 is a front view of a valve actuator; 
Figure 86 is a side view of the valve actuator 
shown in Rgure 85; 

Figure 87 is a bottom view of the valve actuator 

shown in Rgures 85 and 86; 

Figure 88 is a top plan view of a pressure 

transducer; 

Figure 89 is a side view of the pressure trans- 
ducer shown in Figure 88; 
Figure 90 is a bottom view of the pressure 
transducer shown in Rgures 88 and 89; 
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Figure 91 is a front view of an optical sensor 
module; 

Figure 92 is a side view of the optical sensor 
module shown in Figure 91; 
Figure 93 is a top plan view of the optical 
sensor module shown in Figures 91 and 92; 
Figure 94 is a bottom view of the optical sensor 
module shown in Figures 91 to 93 showing the 
optical source and sensor pair for detecting the 
closed position of the slide lock; 
Figure 95 is a section on the line 95-95 in 
Figure 91 showing the optical sources for de- 
tecting the cassette identification bits; 
Figure 96 is a section on the line 96-96 in 
Figure 91 showing the optical sensors for de- 
tecting the cassette identification bits, and the 
optical source and sensor pair for detecting air 
bubbles in the fluid line; 

Figure 97 is a bottom plan view of the 
elastomeric valve actuator seal used to bias the 
valve actuators into an upward position; 
Figure 98 is a section through the valve actuator 
seal shown in Figure 97; 

Figure 99 is a bottom view of the main pump 
unit chassis having the various components for 
one pump mounted thereon, with the slide lock 
in the open position ready to receive a cassette; 
Figure 100 is a bottom view of the main pump 
unit chassis shown in Figure 99, with the slide 
lock in the closed position as it would be if a 
cassette were installed and latched onto the 
main pump unit; 

Figure 101 is a top plan view of the cassette 
shown in Figures 43 to 49 in the installed posi- 
tion relative to the optical sensor module, with 
all other parts removed for clarity; 
Figure 102 is a side view of the cassette and 
optical sensor module of Figure 101; 
Figure 103 is a section through the cassette and 
the optical sensor module of Figures 101 and 
102, showing a cassette identifying indicia hav- 
ing a logic zero value; 

Figure 104 is a section through the cassette and 
the optical sensor module of Figures 101 and 
102, showing a cassette identifying indicia hav- 
ing a logic one value; 

Figure 105 is a section on the line 105-105 in 
Figure 99 showing the slide lock in the open 
position over the cassette-in-place sensor of the 
optical sensor module; 

Figure 106 is a section on the line 106-106 in 
Figure 105 showing how the slanted surface 
reflects the light beam away from the cassette- 
in-place sensor; 

Figure 107 is a section on the line 107-107 in 
Figure 100 showing the slide lock in the closed 
position over the cassette-in-place sensor of the 
optical sensor module, with the light beam being 



reflected back onto the cassette-in-place sensor; 
Figure 108 is a section through the cassette and 
the optical sensor module of Figures 101 and 
102, showing the air-in-line detection apparatus 
5 of the preferred embodiment; 

Figure 109 is a view similar to Figure 108, but 
showing a first alternative air-in-line detection 
apparatus; 

Figure 110 is a view similar to Figure 108, but 
70 showing a second alternative air-in-line detection 
apparatus; 

Figure 111 is a view similar to Figure 108, but 
showing a third alternative air-in-line detection 
apparatus; 

76 Figure 112 is a side view of the main pump unit 
chassis partly in section, and having the various 
components for one pump mounted thereon and 
a cassette installed, showing the pump drive 
train; 

20 Figure 113 is a vertical section through the 
pump and valves showing the beginning of the 
fill cycle; 

Figure 114 is a vertical section through the 

pump and valves showing the beginning of the 
25 pump cycle; 

Figure 1 1 5 is a vertical section through the the 

pressure plateau, the pressure diaphragm, and 

the pressure transducer; and 

Figure 116 is a second vertical section through 
30 the pressure plateau, the pressure diaphragm, 

and the pressure transducer at right angles to 

Figure 115. 

The Cassette The preferred embodiment of the 
cassette of the present invention includes all of the 

35 features described above in a single compact dis- 
posable cassette constructed of seven parts. Prior 
to a discussion of the construction and operation of 
the cassette, it is advantageous to discuss the 
construction and configuration of the seven compo- 

40 nents included in the cassette. The first of these 
components and the one around which the other 
six components are assembled is a cassette body 
100, which is shown in Figures 1 to 8. The cassette 
body 100 has an upper surface portion 102 which 

45 is essentially flat with a number of protrusions and 
indentations located in the top surface thereof 
(Figure 1). The upper surface portion 102 has a 
thickness sufficient to accommodate the indenta- 
tions mentioned above, some of which are fluid 

so passageways which will be discussed below. 

Referring generally to Figures 1 to 8, a bubble 
trap 104 is located at the front right corner of the 
cassette body 100 below the upper surface portion 
102. The bubble trap 104 is essentially square in 

55 cross-section (Figure 4). It includes a bubble cham- 
ber 106 which is open at the bottom and closed at 
the top by the bottom of the upper surface portion 
102 of the cassette body 100. 
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A siphon tube 108 is located in the bubble 
chamber 106; the siphon tube 108 has a bore 110 
leading from the bottom of the bubble chamber 
106 to the top of the upper surface portion 102 of 
the cassette body 100. 

Located behind the bubble trap 104 below the 
upper surface portion 102 of the cassette body 100 
on the right side thereof is a pump cylinder 112 
(Figures 2 to 5. 8). The pump cylinder 112 does 
not extend downwards as far as does the bubble 
trap 1,04. The pump cylinder 112 is open at its 
bottom end and is arranged and configured to 
receive a piston which will be discussed below. 
The inner configuration of the pump cylinder 112 
includes a main diameter bore 114, with a greater 
diameter bore 116 near the bottom of the pump 
cylinder 112. The interior of the bottom of the 
pump cylinder 112 below the greater diameter bore 
116, and also the area immediately between the 
greater diameter bore 116 and the main diameter 
bore 114, are both tapered to facilitate entry of the 
piston. The top of the main diameter bore 114 
terminates in a frustoconcial smaller diameter ap- 
erture 118 leading to the top of the upper surface 
portion 102 of the cassette body 100. The smaller 
diameter aperture 118 is tapered, having the small- 
er diameter at the top. 

Extending from the rear of the exterior of the 
bubble trap 104 and facing the pump cylinder 112 
are two piston retaining fingers 120 and 122 
(Figures 2 and 4), defining slots. The slots defined 
by the two piston retaining fingers 120 and 122 
face each other,and are open at the bottom to 
accept in a sliding fashion a flat segment fitting 
between the two piston retaining fingers 120 and 
122. The two piston retaining fingers 120 and 122 
extend from the lower surface of the upper surface 
portion 102 of the cassette body 100 to a position 
between the bottom of the pump cylinder 112 and 
the bottom of the bubble trap 104. 

Also extending from the bottom side of the 
upper surface portion 102 of the cassette body 100 
are two latch supporting fingers 124 and 126 
(Figures 1 to 4 and 7). The latch supporting finger 
124 extends downwards from the left side of the 
upper surface portion 102 and at the bottom ex- 
tends towards the right slightly to form an L-shape 
in cross section. The latch supporting finger 124 
extends towards the front of the cassette body 100 
further than the upper surface portion 102 does 
and terminates approximately two-thirds of the way 
towards the back of the upper surface portion 102 
of the cassette body 100. 

The latch supporting finger 126 extends down- 
wards from the bottom of the upper surface portion 
102 of the cassette body 100 with the left side of 
the bubble trap 104 forming a portion of the latch 
supporting finger 126. At the bottom, the latch 



supporting finger 126 extends towards the left 
slightly to form a backwards L-shape in cross sec- 
tion. The latch supporting finger 126 parallels the 
latch supporting finger 124, and is equal in depth 

s (Figure 4). The latch supporting fingers 124 and 
126 together will hold the slide latch, to be de- 
scribed below. 

The passageways located in the top of the 
upper surface portion 1 02 of the cassette body 1 00 

w will now be described with primary reference to 
Figure 1 . These passageways are all open on the 
top side of the upper surface portion 102, and are 
generally U-shaped as they are recessed into the 
top of the upper surface portion 102. A first pas- 

15 sageway 128 communicates with the bore 110 in 
the siphon tube 108 of the bubble trap 104 at one 
end and extends towards the back of the upper 
surface portion 102 to a location to the right of the 
smaller diameter aperture 118 of the pump cylinder 

20 112. 

A cylindrical pressure plateau 130, which is 
essentially circular when viewed from the top, ex- 
tends above the upper surface portion 102 slightly 
to the left of centre. The top of the pressure 

25 plateau 130 is flat, with a channel 132 extending 
across this flat top. The channel 132 extends from 
the five o'clock to eleven o'clock positions as view- 
ed from the top in Figure 1, with the back of the 
cassette body being at 12 o'clock. The channel 

30 132 is also shown in cross-section in Figure 115, 
and in a cutaway view in Figure 116. The depth of 
the channel 132 in the surface of the pressure 
plateau 130 is not quite as great as the height of 
the pressure plateau 130 above the upper surface 

as portion 102 of the cassette body 100, with the 
channel 132 gradually becoming deeper with a 
smooth transition at the edges of the pressure 
plateau 130 to extend into the upper surface por- 
tion 102 of the cassette body 100 (Figure 1 16). 

40 A second passageway 134 in the top of the 
upper surface portion 102 begins at a location to 
the left of the smaller diameter aperture 118 of the 
pump cylinder 112, and extends towards the front 
of the upper surface portion 102 approximately 

45 above the latch supporting finger 126. The second 
passageway 134 then travels to the left to connect 
in fluid communication with the end of the channel 
132 located at the five o'clock position. A third 
passageway 136 in the top of the upper surface 

so portion 102 begins at the end of the channel 132 
located at the eleven o'clock position and extends 
towards the back and left of the cassette body 100. 

At the end of the third passageway 136, there 
is a recessed lens portion 138, which is used to 

55 focus and reflect light to detect air bubbles passing 
in front of it. The recessed lens portion 138 is also 
recessed into the top of the upper surface portion 
102 of the cassette body 100 to allow fluid to pass 



8 



15 



EP 0 320 168 B1 



16 



therethrough. The recessed lens portion 138 is part 
of the apparatus which forms the subject of a co- 
pending patent application. A fourth passageway 
140 in the top of the upper surface portion 102 
begins at the other side of the recessed lens por- 
tion 138 from the third passageway 136, and ex- 
tends from the left and back of the cassette body 
100 towards the front and right around the pressure 
plateau 130 to a location at approximately seven 
o'clock on the pressure plateau 130. It should be 
noted that the fourth passageway 140 is spaced 
away from the pressure plateau 130 to allow for 
sealing means therebetween. 

The end of the fourth passageway 140 termi- 
nates at the seven o'clock position relative to the 
pressure plateau 130 in an aperture 142 extending 
through the upper surface portion 102 (Figure 1). 
Located underneath the upper surface portion 102 
concentrically around the aperture 142 is an outlet 
tube mounting cylinder 144 (Figures 3 an 4) which 
is in fluid communication with the aperture 142. 
The outlet tube mounting cylinder 144 extends 
downwards from the bottom of the upper surface 
portion 102 to a position above the portions of the 
latch supporting fingers 124 and 126 which extend 
parallel to the upper surface 102 of the cassette 
body 100. A support fin 145 extends to the right 
from the front of the outlet tube mounting cylinder 
144. 

Located on top of the upper surface 102 of the 
cassette body 100 is a slightly raised border 146 
(Figures 1 and 2) which completely surrounds the 
first passageway 129, the smaller diameter ap- 
erture 118, the second passageway 134, the pres- 
sure plateau 130, the third passageway 136, the 
recessed lens portion 138, and the fourth passage- 
way 140. The slightly raised border 146, which is 
used for sealing purposes, closely surrounds the 
edges of all these parts of the cassette body 100, 
except that it is spaced away from the portions of 
the first passageway 128 and the second passage- 
way 134 adjacent the smaller diameter aperture 
118, and the smaller diameter 118. 

The form of the border 146 around the smaller 
diameter aperture 118 is generally rectangular with 
its longer sides located to the front and back and 
spaced away from the valve diaphragm 170, and 
its shorter sides to the right of the portion of the 
first passageway 129 adjacent the smaller diameter 
aperture 118 and to the left of the portion of the 
second passageway 134 adjacent the smaller di- 
ameter aperture 1 1 8. The rectangle is broken only 
at those locations where the first and second pas- 
sageways 1 28, 1 34 extend towards the front of the 
cassette body 100. 

The border 146 has a segment 147 located 
between the portion of the first passageway 128 
adjacent the smaller diameter aperture 1 18 and the 



smaller diameter aperture 118 itself, with the seg- 
ment 147 extending between the two longer sides 
of the rectangle, ft also has another segment 149 
located between the portion of the second pas- 

s sageway 134 adjacent the smaller diameter ap- 
erture 118 and the smaller diameter aperture 118 
itself, with the segment 149 extending between the 
two longer sides of the rectangle. The border 146 
is also spaced away from the sides of the pressure 

ro plateau 130, and the portions of the second pas- 
sageway 134 and the third passageway 136 imme- 
diately adjacent the pressure plateau 130. 

Located at the back of the upper surface 102 
of the cassette body 100 are three cassette iden- 

75 tifying indicia 148,150, and 152. The first and third 
cassette identifying indicia 148 and 152 are small, 
solid cylinders extending upwards from the top of 
the upper surface 102 (Figures 1 and 3). 

The second cassette identifying indicia 150 is a 

20 prism cut into the under side of the upper surface 
102 of the cassette body 100 (Figure 4). The first, 
second, and third indicia 148,150 and 152 are the 
subject of a co-pending patent application. It will be 
noted that the indicia 148,150 and 152 may be in 

25 any order or configuration, and are used for dif- 
ferent ID codes to identify up to eight different 
cassettes. Additional ID bits could also be used if 
more than eight different cassettes were to be 
used. If redundant codes are desired, the three bits 

30 would of course accommodate the use of less than 
eight different cassettes. 

Completing the construction of the cassette 
body 100 are five hollow cylinders 154, 156, 158, 
160 and 162 protruding from the top surface of the 

35 upper surface 102 of the cassette body 100, an 
aperture 161 and a slot 164 located in the top of 
the upper surface 102, and a slot 166 located in 
the top surface of the latch supporting finger 124. 
Four of the hollow cylinders 154, 156, 158 and 160 

40 are located around the pressure plateau 130, with 
the fifth hollow cylinder 162 being located to the 
left of the aperture 110 over the bubble trap 104. 
The aperture 161 is located in the top of the upper 
surface 102 in front and to the right of centre of the 

45 pressure plateau 1 30. The slot 1 64 is located in the 
top of the upper surface 102 near the back and the 
right hand side. The slot 166 is located in the top 
surface of the latch supporting finger 124 near the 
front of the cassette body 100. 

so Referring now to Figures 9 to 12, a valve 

diaphragm 170 is shown which is arranged and 
configured to fit over the top of the upper surface 
102 of the cassette body 100. The valve diaphragm 
170 is made of flexible, resilient material, such as a 

55 medical grade silicone rubber. The hardness of the 
material used for the valve diaphragm 170 would 
be between thirty and fifty on the Shore A scale, 
with the preferred embodiment having a hardness 
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of approximately thirty-five. The valve diaphragm 
170 has three primary functions, the fist of which is 
to seal the tops of the first, second, third, and 
fourth passageways 128, 134, 136 and 140, re- 
spectively. Accordingly, the main surface of the 
valve diaphragm 170 is flat, and is sized to fit over 
the first, second, third, and fourth passageways 
128, 134, 136 and 140, respectively, and also over 
the entire slightly raised border 146. The flat por- 
tion of the valve diaphragm 170 has three ap- 
ertures 172, 174, and 176, and a notch 175 to 
accommodate the hollow cylinders 156, 160 and 
162 and a pin fitting into the aperture 161 (Figure 
1), respectively, and to align the valve diaphragm 
170 in position over the top of the upper surface 
102. It should be noted that the valve diaphragm 
170 does not necessarily surround the other two 
hollow cylinders 154, 158. 

The second primary function of the valve dia- 
phragm 170 is to provide both an inlet valve be- 
tween the first passageway 128 and the smallest 
diameter aperture 118 leading to the pump cylinder 
112, and to provide an outlet valve between the 
smaller diameter aperture 118 and the second pas- 
sageway 134. To fulfil this function the valve dia- 
phragm 170 has an essentially rectangular domed 
portion 178 (Figures 9 to 12) forming a cavity 180 
in the bottom of the valve diaphragm 170. When 
the valve diaphragm 170 is installed in position on 
the top of the upper surface 102 of the cassette 
body 100, the cavity 180 will be located just inside 
the rectangular portion of the slightly raised border 
146 around the smaller diameter aperture 118 lead- 
ing to the pump cylinder 112. 

The cavity 180 will therefore be in fluid com- 
munication with the first passageway 128, the 
smaller diameter aperture 118, and the second 
passageway 134. Prior to installation of the cas- 
sette onto the main pump unit, the cavity 180 
allows the open fluid path to facilitate priming of 
the cassette, where all air is removed from the 
system. Once primed, the cassette may be in- 
serted onto the main pump unit and the cavity 180 
will contact valve actuators to prevent free flow 
through the cassette. By using an inlet valve ac- 
tuator to force the domed portion 178 onto the 
segment 147 of the slightly raised border 146, the 
flow of fluid between the first passageway 1 28 and 
the smaller diameter aperture 118 will be blocked, 
but flow between the smaller diameter aperture 118 
and the second passageway 134 will be unaffected. 
Likewise, by using an outlet valve actuator to force 
the domed portion 178 onto the segment 149 of 
the slightly raised border 146, flow between the 
smaller diameter aperture 118 and the second pas- 
sageway 1 34 will be blocked, but flow between the 
first passageway 128 and the smaller diameter 
aperture 118 will be unaffected. Extending around 



and spaced away from the front and sides of the 
domed portion 1 78 on the top surface of the valve 
diaphragm 170 is a U-shaped raised rib 181, the 
legs of which extend to the back of the valve 

s diaphragm 1 70 (Figure 9). 

The third primary function of the valve dia- 
phragm 170 is to provide a pressure diaphragm 
which may be used to monitor outlet fluid pressure. 
Accordingly, the valve diaphragm 170 has a pres- 
to sure diaphragm 182 which is supported atop an 
upper cylindrical segment 184, which in turn is 
located on a lower cylindrical segment 186 extend- 
ing above the surface of the valve diaphragm 1 70. 
The cylindrical segments 184 and 186 have the 

is same inner diameter but the lower cylindrical seg- 
ment 186 has a greater outer diameter. Thus, a 
portion of the top of the lower cylindrical segment 
186 extends around the bottom of the upper cylin- 
drical segment 184, creating a lip 188. In the 

20 preferred embodiment, the pressure diaphragm 
182 may be domed slightly, as seen in Figure 11. 

Turning now to Figures 13 to 23, a retainer cap 
190 is shown which fits over the valve diaphragm 
170 after it is mounted on the top of the upper 

25 surface 102 of the cassette body 100. The retainer 
cap 190 thus functions to cover the top of the 
cassette body 100, retaining the valve diaphragm 
170 between the retainer cap 190 and the cassette 
body 100 in a sealing fashion. The retainer cap 190 

30 thus has the same general outline when viewed 
from above (Figure 12) as the cassette body 100. 
Located in the bottom of the retainer cap 190 
(Figure 14) are six pins 192, 194, 196, 198, 200, 
and 199, which are to be received by the hollow 

35 cylinders 154, 156, 158, 160 and 162 and the 
aperture 161, respectively, in the cassette body 
100 to align the retainer cap 190 on the cassette 
body 100. Also located in the bottom of the retainer 
cap 190 is a tab 202 to be received by the slot 

40 164, and tab 204 to be received by the slot 166. 

The retainer cap 190 has three apertures 206, 
208 and 210 therethrough located to coincide with 
the locations of the first, second and third cassette 
identifying indicia 148, 150 and 152. The size of 

45 the three apertures 206, 208 and 210 is sufficient 
to receive the small, solid cylinders which repre- 
sent the first and third cassette idenfying indicia 
148, 152. 

Located in the retainer cap 190 is a rectangular 
50 aperture 212 (Figures 13, 14, 19 and 20) for loca- 
tion over the domed portion 178 on the valve 
diaphragm 170. The rectangular aperture 212 is 
slightly larger than the domed portion 178 to pre- 
vent any closure of the cavity 180 formed by the 
55 domed portion 178 when the retainer cap 190 is 
placed over the valve diaphragm 170 and the cas- 
sette body 100. The domed portion 178 of the 
valve diaphragm 170 will therefore protrude 
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through the rectangular aperture 212 in the retainer 
cap 190. In the bottom of the retainer cap 190 
around the rectangular aperture 212 is a U-shaped 
groove 214 (Rgure 14) designed to accommodate 
the U-shaped raised rib 181 on the valve dia- 
phragm 170. 

Also located in the retainer cap 190 is a cir- 
cular aperture 216 (figures 13 nd 14), which has a 
diameter slightly larger than the outer diameter of 
the upper cylindrical segment 184 on the valve 
diaphragm 170, to allow the upper cylindrical seg- 
ment 184 and the pressure diaphragm 182 to pro- 
trude from the circular aperture 216 in the retainer 
cap 190. The diameter of the circular aperture 216 
is smaller than the outer diameter of the lower 
cylindrical segment 186; on the underside of the 
retainer cap 190, disposed concentrically around 
the circular aperture 216, there is a cylindrical 
recess 218 arranged to receive the lower cylin- 
drical segment 186. A circular raised bead 220 
(Figures 14, 19 and 21) is located in the cylindrical 
recess 218 to help in the sealing of the cassette as 
it is assembled. 

The retainer cap 190 has a front edge 222 
(Rgure 16), a back edge 224 (Figure 15) and left 
(Figure 18) and right (Figure 17) side edges 226 
and 228 respectively. The edges 222, 224, 226 and 
228 will contact the top of the upper surface 102 
when the retainer cap 190 is assembled onto the 
cassette body 100 with the valve diaphragm 170 
disposed therebetween. The retainer cap 190 is 
attached to the cassette body 100 in the preferred 
embodiment by ultrasonic welding, but adhesives 
or other bonding techniques known in the art may 
also be used. 

Referring next to Figures 22 to 26, a bubble 
chamber cap 230 is illustrated which is placed over 
the open bottom of the bubble trap 104. The bot- 
tom of the cap 230 is the same size as the outer 
edge of the bottom of the bubble trap 104, and has 
a tab 232 (Figures 22 to 24) on the bottom which 
projects towards the back of the cassette beyond 
the back edge of the bubble trap 104. The cap 230 
has a rectangular wall portion 234 extending up- 
wards from the bottom defining a square space, 
the rectangular wall portion 234 being sized to fit 
inside the bubble chamber 106. 

Located at the front and left sides of the rec- 
tangular wall portion 234 and extending upwards 
from the bottom of the bubble chamber cap 230, 
there is an inlet cylinder 236 having an inlet ap- 
erture 238. The inlet aperture 238 extends through 
the bottom of the bubble chamber cap 230 and is 
designed to receive a length of tubing from the 
bottom. The cap 230 is attached to the bottom of 
the bubble trap 104 in the cassette body 100 in the 
preferred embodiment by ultrasonic welding, but 
adhesives or other bonding techniques known in 



the art may also be used. 

When the bubble chamber cap 230 is mounted 
on the bubble trap 104, the inlet cylinder 236 
extends up to at least half of the height of the 

5 bubble chamber 106, and the siphon tube 108 
draws fluid from the bottom of the siphon tube 108 
in the space within the rectangular wall portion 234 
of the bubble chamber cap 230. It will be appre- 
ciated by those skilled in the art that fluid will enter 

70 the bubble chamber 106 through the inlet aperture 
238 in the inlet cylinder 236 near the top of the 
siphon tube 108, maintaining all air bubbles above 
the level near the bottom of the bubble chamber 
106 at which fluid is drawn from the bubble cham- 

75 ber 106 by the siphon tube 108. 

Figures 27 to 32 show a slide latch 240 which 
serves two main functions in the cassette. The 
slide latch 240 first serves to latch the cassette into 
place in a main pump unit. It also serves to block 

20 the flow of fluid through the cassette when it is not 
installed; closing the slide latch 240 to lock the 
cassette into place on the main pump unit also 
simultaneously allows the flow of fluid through the 
cassette. The slide latch 240 slides from the front 

25 of the cassette body 100 between the latch sup- 
porting fingers 124 and 126. 

The slide latch 240 has an essentially rectan- 
gular, flat front portion 242 which is equal in height 
to the cassette body 100 with the retainer cap 190 

30 and the bubble chamber cap 230 installed, and is 
equal in width to the distance between the left side 
of the bubble trap 104 and the left side of the 
cassette body 100. Two small notches 244 and 246 
are removed from the rear of the front portion 242 

35 at the top left and right corners respectively. 

Extending from the rear of the front portion 
242, about three-quarters of the way down, there is 
a horizontal bottom portion 248 which has its edges 
directly below the closest edges of the small 

40 notches 244 and 246. An inverted angled or L- 
shaped portion 250 extends from the inner edge of 
the small notch 244 at the "top of the slide latch 240 
down to the bottom portion 248. Similarly, an in- 
verted, backwards angled or L-shaped portion 252 

45 (Figures 27 and 28) extends from the inner edge of 
the small notch 246 at the top of the slide latch 240 
down to the bottom portion 248. 

Spaced outwardly from the left side of the 
bottom portion 248 and the left side of the leg of 

so the L-shaped portion 250 is a left slide side 254. 
Likewise, spaced outwardly from the right side of 
the bottom portion 248 and the right side of the leg 
of the L-shaped portion 252 is a right slide side 
256 (Figures 28 and 30). The left and right slide 

55 sides 254 and 256 are located slightly above the 
bottom of the bottom portion 248 and are of a 
suitable height for engagement in the latch sup- 
porting fingers 124 and 126 respectively. 
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An elongated tear-shaped aperture is located in 
the bottom portion 248, with the wider portion to- 
wards the front of the slide latch 240 and the 
extended narrower portion towards the back. When 
the slide latch 240 is inserted into the latch sup- 
porting fingers 124 and 126 on the cassette body 
100, and the slide latch 240 is pushed fully towards 
the back of the cassette body 100, the wider por- 
tion of the aperture 258 will be aligned with the 
aperture 142 in the outlet tube mounting cylinder 
144 (Figure 4) to allow a segment of tubing (not 
shown) leading from the aperture 142 to remain 
open. When the slide 240 is pulled out from the 
front of the cassette body 100, the segment of 
tubing (not sown) will be pinched off by the nar- 
rower portion of the aperture 258. 

It is critical that the design and location of the 
elongate, tear-shaped aperture 258 ensure that the 
slide latch 240 engages the main pump unit before 
the tubing is opened and fluid is allowed to flow 
through the cassette. Likewise, the tubing must be 
pinched off and the fluid path through the cassette 
must be closed before the slide latch 240 releases 
the cassette from the main pump unit. In addi- 
tion, the choice of material for the slide latch 240 is 
important, with a lubricated material allowing the 
pinching operating to occur without damaging the 
tubing (not shown). Examples of such materials are 
silicone or Teflon impregnated acetals such as 
Delren. 

Located at the back of the slide latch 240 on 
the inside of the right slide side 256 at the bottom, 
there is a tab 257 (Figures 27, 30 and 32) which is 
used to engage the main pump unit with the cas- 
sette when the slide is closed. Located on the top 
side of the bottom portion 248 to the right of the 
aperture 258 is a small wedge-shaped retaining tab 
259 (Figure 27, 30 and 32). The retaining tab 259 
cooperates with the bottom of the support fin 145 
to resist the slide latch 240 from being freely 
removed once installed into the cassette body 100. 
When the slide latch 240 is pulled back out from 
the front of the cassette body 1 00 so that the wider 
portion of the aperture 258 is aligned with the 
aperture 142 in the outlet tube mounting cylinder 
144, the retaining tab 259 will engage the slightly 
raised border 146, resisting the slide latch 240 
from being drawn further out. 

Referring now to Rgures 33 to 36, a one-piece 
piston cap and boot seal 260 is illustrated, which is 
for use on and in the pump cylinder 1 12 (Figures 3 
and 8). The piston cap and boot seal 260 is of a 
one-piece construction, and is made of flexible, 
resilient material, such as silastic (silicone rubber) 
or medical grate natural rubber. Natural rubber may 
be used to minimise friction, since some sticking of 
the a silicone rubber piston cap and boot seal 260 
in the pump cylinder 112 may tend to occur. Teflon 



impregnated silastic or some other proprietary for- 
mula widely available would overcome this prob- 
lem. In addition, the piston cap and boot seal 260 
may be lubricated with silicone oil prior to installa- 

5 tion in the pump cylinder 112. The advantage of 
using silastic is that it may be radiation sterilised, 
whereas natural rubber must be sterilised using a 
gas such as ethylene oxide, in addition, silastic has 
better wear characteristics than natural rubber, 

w making it the preferred choice. 

The piston cap and boot seal 260 includes a 
piston cap portion indicated generally at 262, and a 
bottom seal portion comprising a retaining skirt 264 
and a thin rolling seal 266. The piston cap portion 

75 262 includes a hollow cylindrical segment 268 hav- 
ing an enlarged, rounded piston cap head 270 at 
the top. The piston cap head 270 has a roughly 
part-elliptical cross-section, and the outer diameter 
of the sides provides a dynamic seal in the main 

20 diameter bore 114 of the pump cylinder 112. The 
roughly elliptical configuration of the piston cap 
head 170 closely fits the top of the main diameter 
bore 114 of the pump cylinder 112. Extending from 
the top of the piston cap head 270 at the centre is 

25 a frustoconical segment 272, with the larger diam- 
eter at the bottom. The frustoconical segment 272 
fits closely in the smaller diameter aperture 118 of 
the pump cylinder 112. 

The hollow cylindrical segment 268 and the 

30 piston cap head 270 together define a closed end 
to the piston cap and boot seal 260, which receives 
a piston as will described below. The hollow cylin- 
drical segment 268 has a smaller diameter portion 
274, which is spaced away from the end of the 

35 piston cap head 270 to provide retaining means to 
retain a piston in the segment 268 between the 
piston cap head 270 and the smaller diameter 
portion 274. 

The retaining skirt 264 is essentially cylindrical, 
40 and is designed to fit snugly around the outer 
diameter of the pump cylinder 112. Prior to installa- 
tion and with the piston cap and boot seal 260 in a 
relaxed configuration as shown in Figures 33 to 36, 
the retaining skirt 264 is located roughly around the 
45 hollow cylindrical segment 268. The retaining skirt 
264 has an internal diameter sufficiently small to 
retain it in position around the pump cylinder 112 
without moving when the piston cap portion 262 
moves. 

so Located around the inner diameter of the re- 
taining skirt 264 is a tortuous path 276 leading from 
one end of the retaining skirt 264 to the other. The 
tortuous path 276 is required for sterilisation of the 
assembled cassette, allowing the sterilising gas to 

55 sterilise the area between the inside of the pump 
cylinder 1 1 2 and the piston cap and boot seal 260, 
which would be closed and could remain unsterilis- 
ed if the tortuous path 276 were not present. In 

12 
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addition, since the sterilising gas is hot and cooling 
occurs rapidly after the sterilising operation, the 
tortuous path 276 allows pressure equalisation to 
occur rapidly where it otherwise would not. In the 
preferred embodiment, the tortuous path 276 is a 
series of threads in the inner diameter of the retain- 
ing skirt 264. 

Completing the construction of the piston cap 
and boot seal 260 is the rolling seal 266, which is a 
segment defined rotating about the axis of the 
piston cap and boot seal 260, a U having a first leg 
at the radius of the hollow cylindrical segment 268 
and a second leg at the radius of the retaining skirt 
264, with the top of the first leg of the U being 
attached to the bottom of the hollow cylindrical 
segment 268 and the top of the second leg of the 
U being attached to the bottom of the retaining 
skirt 264. When the piston cap and boot seal 160 is 
installed and the piston cap portion 262 moves in 
and out in the main diameter bore 114 in the pump 
cylinder 112, the legs of the U will vary in length, 
with one leg becoming shorter as the other leg 
becomes longer. In this matter, the rolling seal 266 
provides exactly what its name implies - a seal 
between the piston cap portion 262 and the retain- 
ing skirt 264 which rolls as the piston cap portion 
262 moves. 

Figures 37 to 42 show a piston assembly 280 
which drives the piston cap portion 262 of the 
piston cap and boot seal 260 in the pump cylinder 
112. The piston assembly 280 has a horizontal 
rectangular base 282 located directly behind the 
bubble chamber cap 230 when the piston cap 
portion 262 is fully inserted into the pump cylinder 
112. The rectangular base 282 has a notch 284 in 
its front edge which is slightly larger than the tab 
232 in the bubble chamber cap 230 (Figure 23). 

Extending upwards from the front edge of the 
rectangular base 282 to the left of the notch 284 is 
an arm 286, and to the right side of the notch 284, 
an arm 288. At the top of the arms 286 and 288 
there is a vertically extending rectangular portion 
290. The rectangular portion 290 and the upper 
portions of the arms 286 and 288 are for insertion 
between the piston retaining fingers 120 and 122 in 
the cassette body 1 00 (Figure 4). 

The top of the rectangular portion 290 will 
contact the bottom of the upper surface 102 of the 
cassette body 1 00 to limit upward movement of the 
piston assembly 280, the rectangular base 282 
being approximately even with the bubble chamber 
cap 230 installed in the bottom of the bubble trap 
104 of the cassette body 100 when the piston 
assembly 280 is in its fully upward position. The 
bottom of the rectangular portion 290 will contact 
the tab 232 on the bubble chamber cap 230 when 
the piston assembly 280, the piston head 296, and 
the piston cap portion 262 are fully retracted from 



the pump cylinder 112. 

A cylindrical piston rod 292 extends upwards 
from the rectangular base 282 at a central position 
near the back edge. At the top of the piston rod 

5 292 there is a reduced diameter cylindrical portion 
294, and above this a cylindrical piston head 296. 
The diameter of the piston head 296 is larger than 
the diameter of the reduced diameter cylindrical 
portion 294, and the top of the piston head 296 has 

w rounded edges in the preferred embodiment. The 
piston head 296 is designed to be received in the 
portion of the hollow cylindrical segment 268 be- 
tween the smaller diameter portion 274 and the 
piston cap head 270 in the piston cap portion 262 

75 (Figure 36). The reduced diameter cylindrical por- 
tion 294 is designed to be received in the smaller 
diameter portion 274 of the piston cap portion 262. 

The top of the piston head 296 is slightly 
above the top of the rectangular portion 290, and 

20 when the piston assembly 280 is in its fully upward 
position, the piston head 196 will have brought the 
piston cap head 270 and the frustoconical segment 
272 thereon (Figure 36) to the top of the pump 
cylinder 112 and into the smaller diameter aperture 

25 118 (Figure 8), respectively, to eliminate complete- 
ly any volume within the pump cylinder 112 and 
within the smaller diameter aperture 1 1 8. 

Two raised beads 298 and 300, complete the 
construction of the piston assembly 280 with the 

30 raised bead 298 being on the top surface of the 
rectangular base 282 on the left side of the piston 
rod 292, and the raised bead 300 being similarly 
located on the right. Both of the raised beads 298 
and 300 extend from the piston rod 292 laterally 

35 towards the sides of the rectangular base 282. The 
raised beads 298 and 300 will be used to centre 
the piston assembly 280 relative to the jaws of the 
main pump unit used to drive the piston assembly 
280, and will also serve to retain the piston assem- 

40 bly 180 in the jaws. 

The assembly and configuration of the cassette 
will now be described with reference to the assem- 
bled cassette 302 shown in Figure 43 to 48, and 
with reference to other figures specifically men- 

45 tioned in the discussion. The valve diaphragm 170 
is placed over the top of the upper surface 102 of 
the cassette body 100, with the apertures 172, 174, 
and 176 placed over the hollow cylinders 156, 160, 
and 162 respectively, the retainer cap 190 is then 

so located over the valve diaphragm 170 and the 
cassette body 100, and is secured in place by 
ultrasonic welding. While adhesive sealing may be 
used, it is more difficult to ensure the consistent 
hermetic seal required in the construction of cas- 

55 sette 302. 

The step of firmly mounting the retainer cap 
190 onto the cassette body 100 exerts a bias on 
the valve diaphragm 170 (Figure 9) causing it to be 
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compressed in certain areas, particularly over the 
slightly raised border 146 on the upper surface 102 
of the cassette body 1000. This results in excellent 
sealing characteristics, and encloses the various 
passageways located in the upper surface 102 of 
the cassette body 100. The first passageway 128 is 
enclosed by the valve diaphragm 170, commu- 
nicating at one end with the aperture 110 and at 
the other end with the area between the cavity 180 
and the upper surface 102 of the cassette body 
100. The second passageway 134 also commu- 
nicates with the area between the cavity 180 and 
the upper surface 102 of the cassette body 100 at 
one end with its other communicating with one end 
of the passageway 132 in the pressure plateau 
130. 

The pressure diaphragm 182 is located above 
the surface of the pressure plateau 130 (Figures 
115 and 116), leaving a space between the edges 
at the side of the pressure plateau 130 and the 
inner diameters of the upper cylindrical segment 
184 and the lower cylindrical segment 186. This 
allows the pressure diaphragm 182 to be quite 
flexible, a design feature essential to the proper 
operation of the pressure monitoring apparatus. It 
may therefore be appreciated that the flow area 
between the second passageway 1 34 and the third 
passageway 136 is not just the area of the pas- 
sageway 132, but also the area between the pres- 
sure diaphragm 182 and the pressure plateau 130, 
as well as the area around the sides of the pres- 
sure plateau 130 adjacent the upper cylindrical 
segment 184 and the lower cylindrical segment 
186. 

The third passageway 136 (Figure 1) is also 
included by the valve diaphragm 170 (Figure 9), 
and communicates at one end with the passage- 
way 132, and at the other end with the recessed 
lens portion 138. The fourth passageway 140 is 
enclosed by the valve diaphragm 170, and commu- 
nicates at one end with the recessed lens portion 
138 and at the other end with the aperture 142. 

Next, the bubble chamber cap 230 is placed 
on the bottom of the bubble chamber 106, as 
shown in Figure 44, and is secured by ultrasonical- 
ly sealing to the cassette body 100. The piston cap 
portion 262 of the piston cap and boot seal 260 
(Figure 36) is inserted into the main diameter bore 
114 of the pump cylinder 112 and pushed towards 
the top of the main diameter bore 114. Simulta- 
neously, the retaining skirt 264 is located over the 
outside of the pump cylinder 112 and is moved up 
its outer surface to the position shown in Figures 
46 to 48, which is nearly to the top of the outer 
surface of the pump cylinder 112. Next, the piston 
head 296 of the piston assembly 280 (Figures 37 
and 40) is inserted into the hollow cylindrical seg- 
ment 268 of the piston cap and boot seal 260, and 



is forced past the smaller diameter portion 274 until 
it snaps home, resting against the underside of the 
piston cap head 270. 

The slide latch 240 is then inserted into en- 

5 gagement with the cassette body 100, which is 
accomplished by sliding to the left slide side 254 
into the latch supporting finger 124 (to its right) and 
by sliding the right slide side 256 into the latch 
supporting finger 126 (to its left). The slide latch 

70 240 is then pushed fully home to align the wider 
portion of the elongate, tear-shaped aperture 258 
with the outlet tube mounting cylinder 144. An inlet 
tube 304 is adhesively secured to the inner diam- 
eter of the inlet aperture 238 in the bubble cham- 

75 ber cap 230, in fluid communication with the bub- 
ble chamber 106. An outlet tube 306 t extending 
through the wider portion of the aperture 258 and is 
adhesively secured to the inner diameter of the 
outlet tube mounting cylinder 144 in the cassette 

20 body 100, in fluid communication with the fourth 
passageway 140 through the aperture 142. 

The inlet tube 304 and the outlet tube 306 are 
shown in the figures only in part; on their respec- 
tive ends not connected to the assembled cassette 

25 302 they may have connector fittings such as stan- 
dard luer connectors (not shown), which are well 
known in the art. The adhesives used to attach the 
inlet tube 304 and the outlet tube 306 to the 
assembled cassette 302 also represent technology 

30 well known in the art. For example, adhesives such 
as cyclohexanone, methylene dichloride, or 
tetrahydrofuron (THF) may be used. 

The Main Pump Unit The preferred embodi- 
ment of the main pump unit of the present inven- 

35 tion includes a number of components used to 
hold, latch, and drive the cassette 302 described 
above. Referring first to Figures 49 to 53, a latch 
head 310 is illustrated which is used to grasp the 
raised beads 298 and 300 on the piston assembly 

40 280 (Figure 37). Extending from the front of the 
latch head 310 at the top there is a left jaw 312 and 
a right jaw 314. The left and right jaws 312 and 314 
have curved indentations on their under sides to 
receive the raised beads 298 and 300 (Figure 37), 

45 respectively. A space between the left jaw 312 and 
the right jaw 314 allows them to accommodate the 
piston rod 292. 

A cylindrical aperture 316 is located in the top 
of the latch head 310, arranged to receive a shaft 

so on which the latch head 310 is mounted. A thread- 
ed aperture 318 in the back side of the latch head 
310 communicates with the cylindrical aperture 
316, and will receive locking means to lock a shaft 
in the cylindrical aperture 316. An aperture 320 

55 extends through the latch head 310 from left to 
right near the bottom at the rear. 

A notch 322 is formed in the front of the latch 
head 310 at the bottom in the centre, leaving a left 

14 
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side portion 324 and a right side portion 326. 
Aligned apertures 328 and 330 are formed in the 
side portions 324 and 326 respectively. In addition, 
the portion of the latch head 310 including the left 
jaw 31 2 has a raised edge 327 facing upwards and 
backwards, and a raised edge 329 facing down- 
wards and forwards. The portion of the latch head 
310 including the right jaw 314 has a raised edge 
331 facing downwards and forwards. The raised 
edges 327, 329 and 331 will be used to limit the 
movement of the latch jaw, as will be described 
below. 

A spring seat 332 is shown in Figures 54 and 
55, which is designed to fit in the notch 322 in the 
latch head 310. The spring seat 332 has an ap- 
erture 334 extending through it from left to right, 
which is slightly larger than the apertures 328 and 
330 in the latch head 310. The spring seat 332 also 
has a cylindrical segment 336 extending from the 
front. 

Figures 56 to 58 show a latch jaw 340 which 
grasps the bottom of the rectangular base 282 of 
the piston assembly 280 (Figure 37) and maintains 
the left and right jaws 312 and 314 of the latch 
head 310 (Figure 51) in contact with the raised 
beads 298 and 300. The latch jaw 240 has a front 
jaw portion 342 approximately as wide as the left 
and right jaws 312 and 314 of the latch head 310. 
The jaw portion 342 contacts the bottom of the 
rectangular base 282 of the piston assembly 280. 

Extending back from the jaw portion 342 is a 
left arm 344 and a right arm 346. The left arm 344 
has an aperture 348 (not shown) away from the jaw 
portion 342 while the right arm 346 has an aperture 
350 away from the jaw portion 342. The apertures 
348 and 350 are slightly smaller in diameter than 
the aperture 320 in the latch head 310 (Figures 49 
and 50). 

Extending upwards from the end of the right 
arm 346 away from the jaw portion 342 at approxi- 
mately sixty degrees is a driving arm 352. At the 
end of the driving arm 352 which is not attached to 
the right arm 346 is a link pin 354, extending to the 
right. Completing the construction of the latch jaw 
240 is a cylindrical recess 356 in the rear side of 
the jaw portion 342, which has an inner diameter 
larger than the outer diameter of the cylindrical 
segment 336 of the spring seat 332 (Figure 55). 

Referring now to Figures 59 to 61, the con- 
struction of jaws assembly 360 from the latch head 
310, the spring seat 332, and the latch jaw 340 is 
illustrated. The spring seat 332 fits within the notch 
322 and between the left and right jaws 312, 314 of 
the latch head 310. A pin 362 is inserted through 
the aperture 328 in the side portion 324, the ap- 
erture 334 in the spring seat 332, and the aperture 
330 in the side portion 326. The pin 362 is sized to 
fit snugly in the apertures 328 and 330, thereby 



retaining the pin 362 in place and allowing the 
spring seat 332 to rotate about the pin 362. 

The latch jaw 340 is mounted onto the latch 
head 310 with the left and right jaws 312 314 of the 

5 latch head 310 facing the jaw portion 342 of the 
latch jaw 340 using a pin 364. The pin 364 is 
inserted through the aperture 320 in the latch head 
310 and the aperture 350 in the right arm 346. The 
pin 364 is sized to fit snugly in the apertures 348 

70 and 350, thereby retaining the pin 354 in place and 
allowing the latch jaw 340 to rotate about the pin 
364. 

A spring 366 is located with one end mounted 
over the cylindrical segment 336 on the spring seat 

75 332 and the other end mounted in the cylindrical 
recess 356 in the latch jaw 340. The spring 366 
acts to bias the latch jaw 340 in either the open 
position shown in Figure 59 with the jaw portion 
342 away from the jaws 312 and 314 of the latch 

20 head 310, or in the closed position shown in Figure 
61, with the jaw portion 342 of the latch jaw 340 
urged closely adjacent the jaws 312 and 314. The 
movement of the latch jaw 340 in both directions 
with respect to the latch head 310 is limited; to the 

25 position shown in Figure 59 by the driving arm 352 
contacting the raised edge 327, and to the position 
shown in Figure 61 by the right arm 346 contacting 
the raised edge 329 and by the left arm 344 
contacting the raised edge 331 . 

30 When the assembled cassette 302 is installed, 
movement of the latch jaw 340 to the position of 
Figure 61 will also be limited by the presence of 
the piston assembly 280, with the rectangular base 
282 being grasped by the jaws assembly 360. It 

35 will be noted that by moving the pin 354 either 
toward the front or toward the back, the latch jaw 
340 may either be opened or closed, respectively. 

In Figures 62 to 65, a main pump unit chassis 
370 is illustrated which is designed to mount three 

40 independent pump units including three drive 
mechanisms into which three disposable assem- 
bled cassettes 302 may be installed. The assem- 
bled cassettes 302 are mounted on the bottom side 
of the pump chassis 370 shown in Figure 62, with 

45 the motors and drive train being installed mounted 
on top of the pump chassis 370 (Figure 64) within 
a housing (not shown). 

Located on the pump chassis 370 are three 
pairs of angled segment 372 and 374, 376 and 378 

so and 380 and 382. Each pair of angled segments 
372/374, 376/378, 380/382 defines two facing chan- 
nels between them. In the preferred embodiment, 
the angled segments are angled slightly further 
from the bottom of the pump chassis 370 near the 

55 front, to have a camming effect as an assembled 
cassette 302 is installed and the slide latch 240 is 
closed. Specifically, the angled segment 372 de- 
fines a channel facing the angled segment 374 and 
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the angled segment 374 defines a channel facing 
the angled segment 372. The angled segment 376 
defines a channel facing the angled segment 378, 
and the angled segment 378 defines a channel 
facing the angled segment 376. Finally, the angled 
segment 380 defines a channel facing the angled 
segment 382 and the angled segment 382 defines 
a channel facing the angled segment 380. 

Each pair of angled segments 372/374, 
376/378, 380/382, provides means on the bottom of 
pump chassis 370 for one assembled cassette 302 
to be securely latched to. The inverted L-shaped 
portions 250 and 252 in the slide latch 240 (Figures 
29 and 30) of the assembled cassette 302 can be 
attached to one of the paris of angled segments 
372/374, 376/378 and 380/382. With the slide latch 
240 pulled back away from the front of the assem- 
bled cassette 302, an area between the front por- 
tion 242 of the slide latch 240, and the top front of 
the cassette body 100 and retainer cap 190 is 
opened, allowing the top of the assembled cassette 
302 to be placed over one of the pairs of angled 
segments 372/374, 376/378, 380/382. 

By way of example, it will be assumed that the 
assembled cassette 302 is to be mounted in the 
first position ( the position on the left end of the 
pump chassis 370) on the first pair of angled 
segments 372/374. The top surface of the assem- 
bled cassette 302, which is the retainer cap 190 
(Figure 43), will come into contact with the bottom 
of the pump chassis 370 (Figure 62). In order to 
allow the assembled cassette 302 to be installed, 
the slide latch 240 is pulled back fully from the 
front of the assembled cassette 302, leaving the 
open area between the front portion 242 of the 
slide latch 240 and the front top portion of the 
assembled cassette 302 (made up of the the cas- 
sette body 100 and the retainer cap 190) facing the 
front portion 242 of the slide latch 240. 

The top of the assembled cassette 302 is then 
placed against the bottom of the pump chassis 370 
with the first pair of angled segments 372/374 
fitting in the area between the front portion 242 of 
the slide latch 240 and the front top portion of the 
assembled cassette 302. The slide latch 240 is 
then pushed forward into the cassette body 100, 
sliding the inverted L-shaped portion 250 of the 
slide latch 240 into engagement with the angled 
segment 372, and sliding the inverted, backwards 
L-shaped potion 252 of the slide latch 240 into 
engagement with the angled segment 374. The 
assembled cassette 302 will thus be held in posi- 
tion on the bottom of the pump chassis 370 until 
the slide latch 240 is again pulled back, releasing 
the assembled cassette 302. 

Projecting from the bottom of the pump chas- 
sis 370 are a number of components used to 
position and align the assembled cassettes 302 in 



the first (left hand end of the pump chasses 370), 
second (intermediate), and third (right hand end) 
positions on the pump chassis 370. Three left 
lateral support walls 384, 386 and 388 protrude 
5 from the bottom of the pump chassis 370 at loca- 
tions to support the rear upper left side portion of 
assembled cassettes 302 in proper positions in the 
first, second and third positions, respectively. Like- 
wise, three right lateral support walls 390, 392 and 

w 394 protrude from the bottom of the pump chassis 
370 at locations to support the rear upper right 
portion of assembled cassettes 302 in proper posi- 
tions in the first, second, and third positions, re- 
spectively. r 

is Additional support and positioning for the in- 
stallation of the assembled cassettes 302 into the 
first, second and third positions are provided for 
the upper right rear corner of the assembled cas- 
settes 302 by three right corner support walls 396, 

20 398, and 400 respectively. The three right corner 
support walls 396, 398, 400 are L-shaped when 
viewed from beneath (Figure 62), and support and 
position the rear of the assembled cassettes 302 
behind the pump cylinders 112 (Figure 4) and a 

25 portion of the right side of the assembled cassettes 
302 adjacent the pump cylinders 112. Note that the 
three right lateral support walls 390, 392, and 394 
and the three right corner support walls 396, 398 
and 400 together provide continuous support and 

30 positioning for the assembled cassettes 302 in the 
first, second and third positions, respectively. 

A threaded aperture 402 is formed in the raised 
material forming the left lateral support wall 384, 
near the rear. A single segment of raised material 

35 forms the right lateral support wall 390, the right 
corner support wall 396, and the left lateral support 
wall 386. Formed in that segment of raised material 
near the rear is a threaded aperture 404 on the left 
side near the right lateral support wall 390, and a 

40 threaded aperture 406 on the right side near the 
left lateral support wall 386. Similarly, a single 
segment of raised material forms the right lateral 
support wall 392, the right corner support wall 398, 
and the left lateral support wall 388, and includes 

45 corresponding apertures 408 and 410 on the left 
and right respectively. Finally, a single segment of 
raised material forms the right lateral support wall 
394 and the right corner support wall 400 and 
includes a threaded aperture 412 at the rear near 

so the right lateral support wall 394. 

In the segment of raised material forming the 
support walls 390, 396 and 386, near the former 
where the right lateral support wall 390 and the 
right corner support wall 396 meet, there is an 

55 aperture 414 which extends through the thickness 
of the pump chassis 370. A similar aperture 416 is 
formed in the segment of raised material forming 
the support walls 392, and 388. In the segment of 
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raised material forming the right lateral and corner 
support walls 394 and 400 near the corner where 
these walls meet, there is an aperture 418 which 
extends through the thickness of the pump chassis 
370. 

When an assembled cassette 302 is positioned 
and mounted in the first, second, and third posi- 
tions, the apertures 414, 416 and 418 respectively, 
will coincide directly with the piston rods 292 of the 
assembled cassettes 302 (Figure 46). The aper- 
tures 414, 416 and 418 will be used to mount the 
drive shafts connected to the jaws assembles 360 
(Figures 59 to 61) used to drive the piston assem- 
bly 280. 

Located between the left lateral support wall 
384 and the right lateral support wall 390, there is a 
longitudinal rectangular recess 420 in the bottom 
surface of the pump chassis 370. Similarly, located 
between the left lateral support wall 386 and the 
right lateral support wall 392, there is a longitudinal 
rectangular recess 422 and located between the 
left lateral support wall 384 and the right lateral 
support wall 390, there is a longitudinal rectangular 
recess 424. While the rectangular recesses 420, 
422, 424, do not extend through the pump chassis 
370, oval apertures 426, 428, and 430 smaller than 
the rectangular recesses 420, 422, 424, are located 
in the rectangular recesses 420, 422, and 424 
respectively, and extend through to the top side of 
the pump chassis 370. 

The rectangular recess 420, 422 and 424 will 
house sensor modules, and the oval aperture 426, 
428 and 430 allow wires from the sensor modules 
to extend through the pump chassis 370. With the 
assembled cassettes 302 positioned and mounted 
in the fist, second, and third positions, the rear- 
most parts of the upper portions of the assembled 
cassettes 302 will be located beneath the rectangu- 
lar recesses 420, 422 and 424. 

Located in front of the right corner support wall 
396 is a circular recess 432 in the bottom surface 
of the pump chassis 370. Similar circular recesses 
434 and 436 are formed in the bottom surface of 
the pump chassis 370 in front of the right corner 
support walls 398 and 400. While the circular re- 
cesses 432, 434, and 436 do not extend through 
the pump chassis 370, square apertures 438, 440 
and 442, smaller than the circular recesses 432, 
434, and 436, are located in the circular recesses 
432, 434, and 436 respectively and extend through 
the top side of the pump chassis 370. 

The circular recesses 432, 434, and 436 will be 
used to house valve actuator guides, and the 
square apertures 438, 440 and 442 allow valve 
actuators to extend through the pump chassis 370 
and to orient the valve actuator guides. With the 
assembled cassettes 302 positioned and mounted 
in the first, second and third positions, the circular 



recesses 432, 434, and 436, respectively, will cor- 
respond exactly with the locations of the domed 
portions 178 of the valve diaphragms 170 in the 
assembled cassettes 302 (Figure 43). 

5 Located to the left of the circular recess 432 

and in front of the rectangular recess 420, there is 
a circular recess 444 in the bottom surface of the 
pump chassis 370. Similarly, located to the left of 
the circular recess 434 and in front of the rectangu- 

70 lar recess 422, there is a circular recess 446, and 
located to the left of the circular recess 436 and in 
front of the rectangular recess 424, there is a 
circular recess 448. While the circular recesses 
444, 446, 448 do not extend through the pump 

75 chassis 370, cylindrical apertures 450, 452 and 454 
of a smaller diameter than the circular recesses 
444, 446 and 448 are located in the circular reces- 
ses 444, 446 and 448 respectively, and extend 
through to the top side of the pump chassis 370. 

20 The circular recesses 444, 446 and 448 will be 
used to house pressure transducers and the cylin- 
drical apertures 450, 452, and 454 allow wires from 
the pressure transducers to extend through the 
pump chassis 370. With the assembled cassettes 

25 302 positioned and mounted in the first, second, 
and third positions, the circular recesses 444, 446 
and 448 respectively, will correspond with the loca- 
tions of the pressure diaphragms 182 of the valve 
diaphragms 170 in the assembled cassettes 302 

30 (Figure 43). 

Projecting from the top surface of the pump 
chassis 370 are a number of raised elements in 
which threaded apertures are located to support 
the drive assembly. A cylindrical raised segment 

35 456 is located to the left of the cylindrical aperture 
450, a laterally extending generally oval raised seg- 
ment 458 is located between the square aperture 
438 and the cylindrical aperture 452, and a second 
laterally extending generally oval raised segment 

40 460 is located between the square aperture 440 
and the cylindrical aperture 454. In addition, two 
cylindrical raised segments 462 and 464 are lo- 
cated to the right of the square aperture 442 lat- 
erally aligned with the rear-most and front-most 

45 portions respectively of the oval raised segments 
458 and 460. 

A threaded aperture 466 is formed in the cylin- 
drical raised segment 456. Located in the oval 
raised segment 458, there is a threaded aperture 

so 468 near the rear, a threaded aperture 470 near the 
front, and a central threaded aperture 472. Simi- 
larly, the oval raised segment 460 includes a 
threaded aperture 474 near the ear, a threaded 
aperture 476 near the front, and a central threaded 

55 aperture 478. The cylindrical raised segments 462 
and 464 include threaded apertures 480 and 482 
respectively. 
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The apertures 414 and 416 and 418 through 
the pump chassis 370 terminate in raised seg- 
ments 484, 486 and 488 respectively extending 
from the top surface of the pump chassis 370 and 
surrounding the respective apertures. Extending 
upwards from the raised segment 484 behind the 
aperture 414 on the left side is a guide finger 490, 
and on the right side is a guide finger 492. The 
guide fingers 490 and 492 are parallel and have a 
space between them. Similar pairs of guide fingers 
494/496 and 498/500 extend upwardly from the 
raised segment 486 behind the aperture 416 and 
from the raised segment 488 behind the aperture 
418. 

Figures 66 to 69 show a cassette guide 510 for 
use in guiding the installation of the assembled 
cassette 302 into the proper location for latching on 
the pump chassis 370. At the rear the cassette 
guide 510 has an aperture 512 on the right and an 
aperture 514 on the left. The aperture 512 will be 
aligned with one of the threaded apertures 404, 
408 or 412 (Figure 62) while the aperture 514 will 
be aligned with one of the threaded apertures 402, 
406 or 410, to install the cassette guide 510 in 
either the first, second, or third position. 

The top side (Figure 66) of the cassette guide 
510 has a rectangular recess 516 which corre- 
sponds in size to the rectangular recesses 420, 422 
and 424 in the pump chassis 370. The sensor 
modules will be accommodated between the rec- 
tangular recesses 516 in the cassette guides 510 
and the rectangular recesses 420, 422, and 424 in 
the pump chassis 370. The right hand side of this 
rectangular recess 516 is exposed through a rec- 
tangular aperture 518 in the cassette guide 510 
(Figure 67). 

An area 520 on the bottom of the cassette 
guide 510 immediately in front of the rectangular 
aperture 518 and an area 522 immediately to the 
right and to the rear of the rectangular aperture 518 
is recessed upwards from the under surface 524 of 
the cassette guide 510. At the front right corner of 
the rectangular aperture 518, a square segment 
528 extends downwards to the level of the bottom 
surface 524 of the cassette guide 510. Located 
immediately forward of the square segment 528 is 
a thin rectangular track 530 extending from the 
right side of the cassette guide 510. The thin 
rectangular track 530 terminates at its front end in 
a blocking segment 532. 

The front end of the cassette guide 510 has a 
rounded notch 534, which is positioned to receive 
the outlet tube mounting cylinder 144 on the cas- 
sette body 100 (Figure 4) when the cassette guide 
510 is installed on the pump chassis 370. When 
the cassette guide 510 in installed on the pump 
chassis 370, the rear-most portion of the assem- 
bled cassette 302 will fit between the cassette 



guide 510 and the bottom of the pump chassis 
370. Accordingly, the cassette guide 510, together 
with the various support walls on the bottom of the 
pump chassis 370, aids in the installation of the 
5 assembled cassettes 302 in the proper position for 
latching. 

Figure 70 shows a pump shaft 540 which is 
essentially cylindrical. Near the top end of the 
pump shaft 540, at the front, a cam follower wheel 

10 542 is mounted for rotation about a short axle 544 
extending orthogonally from the pump shaft 540. 
On the rear side of the pump shaft 540 at the same 
location, an alignment wheel 546 is mounted for 
rotation about a short axle 548 extending ortho- 

75 gonally from the pump shaft 540 opposite the short 
axle 544. Near the bottom end of the rear of the 
pump shaft 540 there is a conical recess 550, 
which will be used to attach the jaws assembly 360 
(Figure 59 to 61) to the pump shaft 540. 

20 Figures 71 to 76 show a slide lock 560 which is 

for mounting on the thin rectangular track 530 of 
the cassette guide 510 (Figure 67). the slide lock 
560 has a U-shaped slide channel 562 at the front, 
with the open portion of the U facing left and 

25 extending from front to rear. On the other side of 
the slide channel 652 (which is the bottom of the 
U), there is a rectangular notch 564 located near 
the front which runs from the top to the bottom of 
the slide channel 562 and faces right. 

30 Extending back from the rear of the slide chan- 
nel 562 at the bottom, there is a thin rectangular 
connecting segment 566, which effectively extends 
from the leg of the U at the bottom of the slide 
channel 562. Attached at the rear edge of the 

35 segment 566 there is a U-shaped channel 568 with 
the open portion of the U facing right and extend- 
ing from top to bottom. The top of the forward leg 
of the U of the U-shaped channel 568 is attached 
to the segment 566. It will be appreciated that the 

40 top surface of the rectangular connecting segment 
566 and the top of the U-shaped channel 568 are 
coplanar, and that the interior surface of the lower- 
most leg of the slide channel 562 is also coplanar. 
The upper left edge of the U-shaped channel 

45 568 is bevelled at 570. The function of the bevel 
570 is to serve as a light reflector, as will be come 
apparent later in conjunction with the discussion of 
the mechanism for latching the assembled cassette 
302. 

so Figures 77 to 79 show an essentially cylindrical 

power module cam 580. The power module cam 
580 has a central bore 582 therethrough for mount- 
ing the cam 580 on a shaft (not shown). The cam 
580 has apertures 584 and 586 through which 

55 means for retaining it in position on a shaft may be 
installed. Located near to the bottom of the cam 
580, there is a groove 588 located around its outer 
circumference. The groove 588 will receive a drive 
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belt which will drive the cam 580 in a rotary fash- 
ion. 

Located above and spaced slightly away from 
the groove 588, there is a retaining groove in- 
dicated generally at 590 formed in the surface of 
and extending around the circumference of the 
power module cam 580. The retaining groove 590 
is of essentially uniform width and depth in the 
surface of the cam 580, but varies in its distance 
from the top. As best seen in Figure 77, the portion 
of the retaining groove 590 closest to the top of the 
cam 580 is disposed approximately one-hundred- 
eighty degrees away from the portion of the retain- 
ing groove 590 furthest from the top of the cam 
580. It will be understood that a non-rotating mem- 
ber having a portion engaged in the retaining 
groove 590 will be driven in a reciprocating fashion 
as the power module cam 580 is rotated. 

A cam surface indicated generally at 592 is 
formed in the base of the power module cam 580 
about its outer diameter. The cam surface 592 
extends lower in one portion 593 than in the other 
portion 595, as best shown again in Figure 77. It 
will be apparent to those skilled in the art that one 
or more non-rotating members bearing on the cam 
surface 592 will be driven in a reciprocating fashion 
as the power module cam 580 is rotated. 

The configurations of the retaining groove 590 
and the cam surface 592 are graphically illustrated 
in Figure 80, which indicates how three members 
driven by the power module cam 580 are caused 
to operate as the power module cam 580 is rotated 
through a three-hundred-sixty degree cycle. The 
retaining groove 590 is used to drive a pump 
member, which draws fluid in from a source to fill 
the pump chamber on an intake stroke, and pumps 
the fluid out on a pumping stroke. The cam surface 
592 is used to drive two valve members, namely 
an inlet valve and an outlet valve which are driven 
by portions of the cam surface 592 which are 
separated by approximately one-hundred-eighty 
degrees. It will at once be appreciated that the 
pump and valves being driven will be those of the 
assembled cassette 302. 

The plot of pump displacement in Figure 80 
illustrates that there is a fill cycle during which 
displacement increases from zero (or near zero) to 
full, and a pump cycle during which displacement 
decreases from full to empty (or near empty). The 
retaining groove 590 has two flat portions which 
correspond to the flat portions of the pump dis- 
placement plot. One of the flat portions 594 is the 
portion of the retaining groove 590 which is closest 
to the top, and this flat portion 594 corresponds to 
the zero displacement portion of the pump dis- 
placement plot. 

The other flat portion 596 is the portion f the 
retaining groove 590 which is closest to the bottom 



and this flat portion 596 corresponds to the full 
displacement portion of the pump displacement 
plot. 

The portions of the retaining groove 590 which 

5 are located intermediate the flat portion 594 and 
596 are a positive portion 598 which corresponds 
to the increasing displacement portion of the pump 
displacement plot, and a negative portion 600 
which corresponds to the decreasing displacement 

to portion of the pump displacement plot. It should be 
noted that the flat portions 594 and 596 are sub- 
stantial enough to allow complete valve movement 
during the flat portions of the pump displacement 
plot. In the preferred embodiment, the flat portions 

15 594 and 596 each represent approximately sixty 
degrees of rotational movement, while the positive 
and negative portions 598 and 600 each represent 
approximately one-hundred-twenty degrees of rota- 
tional movement. 

20 The cam surface 592 of the power module cam 
580 is described with reference to the inlet and 
outlet valve plots of Figure 80. It will first be noted 
that the plots for the inlet and outlet valve s are 
identical, but are located one-hundred-eighty de- 

25 grees apart. As will become evident later in con- 
junction with the discussion of the valve actuators 
and the valve actuator guide, the inlet and outlet 
valves are both driven by the cam surface 592, but 
by points on the cam surface which are located 

30 one-hundred-eighty degrees apart. 

The lower portion 593 of the cam surface 592 
corresponds to the closed positions of both the 
inlet and outlet valves, while the higher portion 595 
of the cam surface 592 corresponds to the opened 

35 positions of the valves. All valve movement is ac- 
complished entirely during the periods in which 
pump displacement remains constant. In the pre- 
ferred embodiment, where pump displacement is 
constant during two sixty degree periods and either 

40 increasing or decreasing during two one-hundred- 
twenty degree periods, all valve movement is ac- 
complished during the two sixty degree periods. 

In addition, at least one valve is closed as any 
given time to prevent free flow through the assem- 

45 bled cassette 302, Therefore, it will be appreciated 
that the period during which the inlet and outlet 
valves have their transition between the fully open 
and closed positions will be limited to thirty de- 
grees or less in the preferred embodiment. During 

so each of the sixty degree periods during which 
pump displacement is constant, the one of the 
valves which is open will close, and only then will 
the other valve, which was closed, be allowed to 
open. 

55 Figure 81 shows a drive module assembly 602 
including the power module cam 580 discussed 
above. The various parts described in Figure 81 
are mounted onto a drive module chassis 604, 
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which will in turn be mounted onto one of the three 
pump positions on top of the pump chassis 370. As 
shown in Figure 82, the drive module chassis 604 
has an aperture 605 on the left had side and two 
apertures 607 and 609 on the right hand side. The 
apertures 605, 607 and 609 are for use in fastening 
the drive module assembly 602 to the pump chas- 
sis 370. 

An ironless core DC motor 606 is used to drive 
the system. The motor 606 typically has a built-in 
gear reduction unit to reduce its output speed. The 
motor 606 is mounted on the top surface of the 
drive module chassis 604 at one side, the output 
shaft extends through the drive module chassis 
604. A drive pulley 608 is mounted on the output 
shaft and is thus driven by the motor 606. 

A one-way clutch 610 is mounted onto the top 
of the drive module chassis 604 at the other side. 
Such devices are commercially available, and are 
known as DC roller clutches or overrunning 
clutches. The one-way clutch 610 supports a drive 
shaft 612 for rotation, with both ends of the drive 
shaft 612 extending from the one-way clutch 610. 
The one-way clutch 610 allows the drive shaft 612 
to rotate in one direction only; in the preferred 
embodiment, the rotation is clockwise when viewed 
from the top. The power module cam 580 is moun- 
ted on the bottom end of the drive shaft 612 
extending from the one-way clutch 610. A drive 
belt 613 is mounted over the drive pulley 608 and 
in the groove 588 in the power module cam 580. 
The motor 606 will thereby drive the power module 
cam 580 and the drive shaft 612. 

An angular incremental position sensor 614 is 
fixedly mounted above the one-way clutch 610. A 
sensor disc 616 is fixedly mounted on the top end 
of the drive shaft 612, and rotates with the drive 
shaft 612 and the power module cam 580. The 
position sensor 614 is used to provide angular 
incremental and absolute position feedback for 
control of the drive mechanism and cassette. In the 
preferred embodiment, the position sensor 614 
should also be capable of direction sensing. 

Figures 85 to 87 show a valve actuator 620 
which is driven by the power module cam 580. The 
valve actuator 620 includes a thin, essentially rec- 
tangular portion 622 with a circular bearing 624 
rotatably mounted near the top. The circular outer 
diameter of the bearing 624 extends slightly about 
the top of the rectangular portion 622. The bearing 
624 is the portion of the valve actuator 620 which 
will be in contact with the cam surface 592 of the 
power module cam 580. 

The rectangular portion 622 of the valve ac- 
tuator 620 is chamfered on its edges as indicated 
generally at 625, and has a small notch 626, 628 in 
both its lateral sides at a location above the lower 
end. The small notches 626 and 628 are for receiv- 



ing means for retaining the valve actuator 620 in 
position once it is installed; this will become evi- 
dent below in conjunction with the discussion of the 
assembly of the main pump unit. 

5 Figures 83 and 84 show a valve actuator guide 

630 which is used to guide and retain in position 
pairs of the valve actuators 620. The upper portion 
632 of the valve actuator guide 630 is square in 
cross-section, and the lower portion 634 is circular 

w in cross-section. Extending vertically through both 
the upper and lower portions 632, 634 are two 
rectangular apertures 636 and 638, which are each 
sized to allow the rectangular portion 622 of a valve 
actuator 672 to slide freely therein. 

75 One valve actuator guide 630 will be installed 
at each of the pump positions in the pump chassis 
370. In the first pump position, the square upper 
portion 632 of the valve actuator guide 630 will be 
located in the square aperture 438 on the pump 

20 chassis 370 and the circular lower portion 634 of 
the valve actuator guide 630 will be located in the 
circular recess 432 on the pump chassis 370. In 
the second pump position, the square upper por- 
tion 632 will be located in the square aperture 440 

25 and the circular lower portion 634 will be located in 
the circular recess 434. In the third pump position, 
the square upper portion 632 will be located in the 
square aperture 442 and the circular lower portion 
634 will be located in the circular recess 436. 

30 Figures 88 to 90 show a pressure transducer 
660, one of which will be installed in the pump 
chassis 370 in each pump position, in the circular 
recesses 444, 446, and 448. The pressure trans- 
ducer 660 is essentially cylindrical, with a circum- 

35 ferential groove 662. The groove 662 receives an 
elastomeric O-ring (not shown) which will both re- 
tain the pressure transducers 660 in the circular 
recesses 444, 446, and 448 and provide a fluid 
seal. Located on top of the pressure transducer 

40 660 is a square segment 664 in which is located 
the actual transducer, which square segment 664 
will be received in the cylindrical apertures 450, 
452, and 454. Extending upwards from the square 
segment 664 are several lead 666. 

45 Figures 91 to 96 show an optical sensor mod- 
ule 670. The optical sensor module 670 is essen- 
tially rectangular in cross-section, with a wider rec- 
tangular flange 672 on top of the rectangular por- 
tion and a generally oval portion 674 above the 

so rectangular flange 672. A flex or cable 676 extends 
from the top of the oval portion 674. Located ar- 
ound the circumference of the oval portion 674 is a 
groove 678, which will retain the oval portion 674 of 
the optical sensor modules 670 in the oval ap- 

55 ertures 426, 428 or 430. The rectangular flange 672 
of the optical sensor modules 670 will fit into the 
rectangular recesses 420, 422 or 424 in the first, 
second, or third pump positions, respectively. 
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The rectangular portion of the optical sensor 
module 670 has a notch 680 in the front imme- 
diately under the rectangular flange 672, which will 
receive the rear most portion of the assembled 
cassette 302. The underside of the rectangular 
portion of the optical sensor module 670 has an 
optical light source 682 and an optical light sensor 
684 at locations near and equidistant from the right 
hand side. The optical light source 682 and the 
optical light sensor 684 are used to detect when 
the slide lock 560 is in the closed position, as will 
be discussed below. 

Located in the downwardly-facing upper sur- 
face of the notch 680 in the optical sensor module 
670 are three optical light sources 686, 688 and 
690 which extend in a line from left to right. Imme- 
diately below the three optical light sources 686, 
688 and 690, on the upwardly-facing lower surface 
of the notch 680 near the right hand side there are 
three optical light sensors 692, 694, and 696 which 
also extend in a line from left to right. The three 
optical light sources 686, 688, and 690 and the 
three optical light sensors 692, 694, and 696 are 
used to provide the three cassette indentification 
bits as will be discussed below. 

Also located on the lower surface of the notch 
680 towards the left hand side, there is an optical 
light source 698 and in front of the optical light 
source 698, an optical light sensor 700. The optical 
light source 698 and the optical light sensor 700 
are used to detect the presence of (or absence) of 
an air bubble in the fluid line in the cassette. The 
location of the optical light source 698 and the 
optical light sensor 700 as illustrated in Figure 967 
is that of the preferred embodiment, and the opera- 
tion of that preferred embodiment as well as the 
configurations and operational description of sev- 
eral alternative embodiments are discussed below. 

Figures 97 and 98 show a valve actuator seal 
650 which provides a fluid sal and, more impor- 
tantly, retains the valve actuators 620 (Figures 85 
to 87) in an upright position with their bearings 624 
against the lower portion 593 of the power module 
cam 580. The outer circumference of the valve 
actuator seals 650 is of a size allowing them to be 
retained with a friction fit in the circular recesses 
432, 434, and 436 below the valve actuator guides 
630. A metal ring (not shown) may be moulded into 
the outer diameter of the valve actuator seals 650 
to improve their retention in the circular recesses 
432, 434, and 436. 

Two apertures 652 and 654 which are rectan- 
gular in configuration, are located in the valve ac- 
tuator seal 650 to receive the ends of the rectangu- 
lar portion 622 of the valve actuators 620. The 
lengths of the apertures 652 and 654 are shorter 
than the width of the rectangular portion 622 of the 
valve actuators 620, with the small notches 626 



and 628 in the rectangular portion 622 in each case 
being used to capture the end of one of the ap- 
ertures 652 and 654. It will be appreciated that the 
small notches 626 and 628 of the valve actuators 
5 620 will engage the apertures 652 and 652 in the 
valve actuator seal 650, thereby allowing the valve 
actuator seal 650 to exert a bias on the valve 
actuators 620. As will be seen below, the bias 
exerted by the valve actuator seal 650 on the valve 

jo actuators 620 is an upward one, urging the valve 
actuators 620 against the lower portion 583 of the 
power module cam 580. 

In the previous discussions of the various parts 
of the main pump itn, the function and interrelation- 

15 ship between parts has been briefly discussed. 
Before moving on to the operation of the main 
pump unit and the assembled cassette 302 a brief 
discussion of the assembly of the main pump unit 
is in order. This discussion specifically refers to 

20 Figures 62 to 65 ( the pump chassis 370), Figure 
99 and Figure 112 and also to other figures which 
are specifically mentioned in the discussion. 

A pump shaft bearing 640 is installed in both 
the top and the bottom of each of the apertures 

25 414, 416, 418 in the pump chassis 370. The pump 
shaft bearings 640 (Figure 112) are essentially cy- 
lindrical and have a cylindrical bore. In the pre- 
ferred embodiment bearings 640 have a collar 641 
at one end and fit in the apertures 414, 416 and 

30 418 from the top and from the bottom with an 
interference fit to retain them in position. The pump 
shaft bearings 640 are preferably made of a low 
friction material such as Teflon to allow the pump 
shafts 540 to move freely. It will also be appre- 

35 ciated that a single bearing could be used in each 
of the apertures 414, 416, 418, extending all the 
way through the apertures 414, 416, 418. 

Next, the valve actuator guides 630 (Figures 83 
and 84) are installed from the bottom of the pump 

40 chassis 370 into the circular recess 432 and the 
square aperture 438 in the first pump position, into 
the circular recess 434 and the square aperture 
440 in the second pump position, and into the 
circular recess 436 and the square aperture 442 in 

45 the third pump position. With the valve actuator 
guides 630 installed, the bottom surface of each 
valve actuator guide 630 leaves a portion of the 
corresponding circular recess 432, 434, and 436 
open from the bottom side of the pump chassis 

so 370. The valve actuator seals 30 (Figures 97 and 
98) will be installed later in the circular recesses 
432, 434, and 436 below the valve actuator guides 
630. 

The next step in this assembly is to install the 
55 two sensor modules. The pressure transducers 660 
(Figures 88 to 90) are installed from the bottom of 
the pump chassis 370 into the circular recesses 
444, 446, 448. The pressure transducers 660 are 
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essentially cylindrical and with O-rings in the 
grooves 662 fit snugly into the circular recesses 
444, 446, 448 with their bottoms surfaces flush with 
the bottom surface of the pump chassis 370 ar- 
ound the circular recesses 44, 446 and 448. The 
upper surface of the cylindrical portion of the pres- 
sure transducers 660 fit against the cylindrical ap- 
ertures 450, 452, and 454 in the pump chassis 370. 
Although not shown in the drawings, a thin mem- 
brane is preferably adhesively loaded over the bot- 
tom of the pressure transducer 660 and the sur- 
rounding portion of the bottom surface of the pump 
chassis 370. This thin membrane protects the pres- 
sure transducer 660 from fluids which may inadver- 
tently or accidentally come in to contact with the 
device. 

Optical sensor assembles 670 (Figures 91 to 
96) are installed in the rectangular recesses 420, 
422, and 416 of the pump chassis 370 fitting into 
the oval apertures 426, 428 and 430. The optical 
sensor modules 670 are retained in position by the 
pressure of O-rings in the grooves 678 in the 
optical sensor modules 670, and by the cassette 
guides 510. 

The next step in the the assembly of the main 
pump unit mechanical components on the pump 
chassis 370 is the installation of the cassette guide 
510 (Figures 66 to 69) and the slide lock 560 
(Figures 72 to 76). The slide lock 560 is installed 
onto the cassette guide 510 by placing the portion 
of the slide lock 560 including the bottom of the 
slide channel 562 into the rectangular aperture 518 
in the cassette guide 510 from above, with the 
rectangular connecting segment 566 of the slide 
lock 560 extending over the portion of the area 522 
at the rear of the cassette guide 510. This aligns 
the interior of the U-shaped slide channel 562 on 
the slide lock 560 with the back end of the thin 
rectangular track 530 on the cassette guide 510. 
The slide lock 560 is then moved forwards with 
respect to the cassette guide 510, so that the 
interior of the slide channel 562 fits over the thin 
rectangular track 530 until the blocking segment of 
the cassette guide 510 is contacted by the slide 
lock 560. 

The cassette guides 510 together with the slide 
locks 560 may then be mounted in the three pump 
positions on the pump chassis 370, which already 
contain the optical sensor module 670, using two 
screws (not shown). In the first pump position, a 
screw is inserted through the aperture 514 in the 
cassette guide 510 into the threaded aperture 402 
in the pump chassis 370, and a second screw is 
inserted through the aperture 512 in the cassette 
guide 510 into the threaded aperture 404 in the 
pump chassis 370. In the second position, screws 
are inserted through the apertures 514 and 512 into 
the threaded apertures 406 and 408 respectively, 



and in the third pump position, screws are inserted 
through the apertures 514 and 512 into the thread- 
ed apertures 410 and 412 respectively. By way of 
example, the cassette guide 510 and the slide lock 
5 560 are shown mounted in the first pump position 
in Figure 99. 

Next, the pump shafts 540 are installed in the 
pump shaft bearings 640, which have previously 
been installed in the apertures 414, 416 and 418. 

io The end of the pump shafts 540 containing the 
conical recess 550 are inserted through the pump 
shaft bearings 640 from above, with the alignment 
wheel 546 being located between one of the three 
pairs of guide fingers, namely the guide fingers 

75 490 and 492 for the first pump position, the guide 
fingers 494 and 496 for the second pump position, 
and the guide fingers 498 and 500 for the third 
pump position. The pump shaft 540 is shown in- 
stalled in the first pump position in Figure 1 1 2. 

20 The valve actuators 620 are installed next, with 
one pair of the valve actuators 620 being installed 
in each pump position. The bottom ends of the 
valve actuators 620 having the chamfered edges 
625 are inserted through the top sides of the valve 

25 actuator guides 630, with one pair of valve ac- 
tuators 620 being installed in each of the three 
valve actuator guides 630. The pair of valve ac- 
tuators 620 are inserted into the apertures 636 and 
638 in the valve actuator guides 630 with the 

30 bearings 624 on each actuator 620 facing away 
from each other. 

It will be appreciated that the rectangular por- 
tions 622 of the valve actuators 620 will extend 
downwards through the apertures 636 and 638 in 

35 the valve actuator guides 630. As stated above, a 
valve actuator seal 650 is used in each of the three 
pump positions, mounted from beneath the pump 
chassis 370 into the circular recesses 432, 434 and 
436 below the valve actuator guides 630. The outer 

40 circumference of the valve actuator seals 650 
causes them to be retained with a friction fit in the 
circular recess 432, 434, and 436. 

The lower ends of the rectangular portions 622 
of each parr of the valve actuators 620 extend 

45 downwards through the apertures 652 and 654 in 
the respective valve actuator seal 650. The small 
notches 626 and 628 in one valve actuator 620 is 
retained in the aperture 652 in the valve actuator 
seal 650, and the other valve actuator 620 is simi- 

50 larly retained in the aperture 654. As shown in 
Figures 1 1 3 and 114 the valve actuator seals 650 
will tend to urge the valve actuators 620 in an 
upward direction. In the preferred embodiment the 
bottoms of the valve actuators 620 having the 

55 chamfered edges 625 will protrude somewhat from 
the bottom surface of the pump chassis 370 ar- 
ound the circular recesses 432, 434 and 436 even 
when the valve actuators 620 are in their open 

22 
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position. For example in their open position they 
may protrude approximately thirty thousands of an 
inch (0.8mm), and in their closed position they may 
protrude seventy thousands of an inch (1 .8mm). 

This upward biasing of the valve actuator 620 
is essential both to allow the assembled cassettes 
302 to be freely inserted, and to maintain the valve 
actuators 620 in an upward position with their bear- 
ings 624 against the lower portion 593 of the power 
module cam 580. The valve actuator seals 650 
accordingly function both to provide a fluid seal 
and to bias the valve actuators 620 to the upward 
position described. 

The next step in the assembly of the main 
pump unit is to install a drive module assembly 
602 (Figure 81) onto each of the three pump posi- 
tions on the pump chassis 370. In the first pump 
position, the drive module assembly 602 will be 
supported above the top of the pump chassis 370 
by the cylindrical raised segment 456 and the oval 
raised segment 458. Three screws (not shown) will 
be used to secure the drive module assembly 602 
in the first pump position, the first screw being 
inserted through the aperture 605 in the drive mod- 
ule chassis 604 into the threaded aperture 466 in 
the pump chassis 370, the second being inserted 
through the aperture 607 in the drive module chas- 
sis 604 into the threaded aperture 468 in the pump 
chassis 370, and a third being inserted through the 
aperture 609 in the drive module chassis 604 into 
the threaded aperture 470 in the pump chassis 
370. In the first pump position, the power module 
cam 580 is supported directly above the square 
aperture 438 in the pump chassis 370, the valve 
actuator guide 630 and the two valve actuators 620 
located in the first pump position. 

In the second pump position, the drive module 
assembly 602 will be supported above the top of 
the pump chassis 370 by the oval raised segment 
458 and the oval raised segment 460. Three 
screws (not shown) will be used to secure the drive 
module assembly 602 in the second pump posi- 
tion, with the first screw being inserted through the 
aperture 605 into the threaded aperture 472 in the 
pump chassis 370, the second being inserted 
through the aperture 607 into the threaded aperture 
474 and the third being inserted through the ap- 
erture 609 into the threaded aperture 476. In the 
second pump position, the power module cam 580 
is supported directly above the square aperture 
440 in the pump chassis 370, the valve actuator 
guide 630 and the two valve actuators 620 located 
in the second pump position. 

In the third pump position, the drive module 
assembly 602 will be supported above the top of 
the pump chassis 370 by the oval raised segment 
460, the cylindrical raised segment 462, and the 
cylindrical raised segment 464. Three screws (not 



shown) will again be used to secure the drive 
module assembly 602 in the third pump position, 
the first screw being inserted through the aperture 
605 into the threaded aperture 478, the second 
5 being inserted through the aperture 607 into the 
threaded aperture 480 and the third being inserted 
through the aperture 609 in the drive module chas- 
sis 604 into the threaded aperture 482. In the third 
pump position, the power module cam 580 is sup- 

w ported directly above the square aperture 442 in 
the pump chassis 370, the valve actuator guide 630 
and the two valve actuators 620 located in the third 
pump position. 

The final component to be installed is the jaws 

75 assembly 360 (Figures 59 to 61), with one jaw 
assembly 360 being installed in each of the three 
pump positions and engaging the bottom of the 
pump shafts 540, which are located in the ap- 
ertures 414, 416 and 418. The bottom end of the 

20 pump shaft 540 with its conical recess 550 is 
inserted into the cylindrical aperture 316 in the 
latch head 310 of the jaws assembly 360. A retain- 
ing screw (not shown) is screwed into the threaded 
aperture 318 in the latch head 310, and into the 

25 conical recess 550 of the pump shaft 540 to retain 
the jaws assembly 360 in place on the bottom of 
the pump shaft 540. 

The location of the installed jaws assembly 360 
is shown in Figure 99, with the slide lock 560 and 

30 the latch jaw 340 in the open position. The link pin 
354 on the latch jaw 340 is located in the U-shaped 
channel 568 of the slide lock 560, and movement 
of the slide lock 560 will accordingly cause the 
latch jaw 340 to move. When the slide lock 560 is 

35 fully forward, as shown in Figure 99, the latch jaw 
340 will be in the open position, with the jaw 
portion 342 of the latch jaw 340 away from the right 
jaw 314 of the latch head 310. When the slide lock 
560 is pushed towards the back of the pump chas- 

40 sis 370, as shown in Figure 100, the latch jaw 340 
will be in the closed position, with the jaw portion 
342 of the latch jaw 340 closely adjacent the right 
jaw 314 of the latch head 310. 

This completes the discussion of the assembly 

45 of the main pump unit with three pump positions. It 
is, of course, within the scope of the present inven- 
tion to employ a main pump unit with different 
numbers of pump positions. 

The installation of the assembled cassette 302 

so at the first pump position, and the operation of the 
device to pump fluid and to perform the other 
associated functions will now be described. The 
operation of the other two pump positions are iden- 
tical to the operation of the first pump position 

55 described below. 

With the slide latch 240 pulled back fully away 
from the front of the assembled cassette 302 
(Figure 43 to 48), the wider portion of the elongate, 
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tear-shaped aperture 258 in the slide latch 240 will 
close the outlet tube 306, preventing fluid from 
flowing though the assembled cassette 302. The 
inlet tube 304 is connected to a fluid source such 
as an IV bag (not shown), and the outlet tube 306 
is connected to a fluid delivery device such as an 
injection set (not shown), the use of which is well 
known in the art. The slide latch 240 is opened, 
together with any other closures in the IV bag line, 
and fluid fills the lines, the assembled cassette 
302, and the injection set. By tapping or shaking 
the assembled cassette 302 any residual air bub- 
bles will flow out through the line. The slide latch 
240 is then pulled back and the outlet tube 306 is 
closed, and the system is in a primed condition 
with the assembled cassette 302 ready to be in- 
stalled onto the main pump unit. 

When the slide latch 240 is pulled back, an 
opening is left between the front portion 242 of the 
slide latch 240 and the from top portion of the 
assembled cassette 302 (made up of the cassette 
body 100 and the retainer cap 190) facing the front 
portion 242 of the slide latch 240. In this example, 
where the assembled cassette 302 is to be moun- 
ted in the first position, the opening between the 
font portion 242 of the slide latch 240 and the front 
top portion of the assembled cassette 302 will 
admit the fist pair of angled segments 372 and 374 
as the assembled cassette 302 is installed. The top 
surface of the assembled cassette 302, which is 
the retainer cap 190 (Figure 43), will abut against 
the bottom of the pump chassis 370 (Figure 62) 

Prior to installing the assembled cassette 302 
into the main pump unit, the slide lock 560 must be 
fully forward with the latch jaw 340 opened away 
from the latch head 310, as mentioned previously 
and as shown in Figure 99. In addition, the jaws 
assembly 360 should be in its fully upward posi- 
tion, which may be achieved by using the motor 
606 to drive the power module cam 580 to cause 
the jaws assembly 360 to be driven to this position 
using the position sensor 614. 

The rear-most edge of the assembled cassette 
302 is tilted upwards then placed against the bot- 
tom of the pump chassis 370 between the pressure 
transducer 660 (mounted flush with the bottom of 
the pump chassis 370) and the top side of the 
cassette guide 510. The rear-most portion of the 
top of the assembled cassette 302 is slid towards 
the back of the pump chassis 370 into position 
between the left lateral support wall 384 on the left 
and the right lateral support walls 390 on the right, 
with most of the rear-most portion of the top of the 
assembled cassette 302 fitting into the notch 680 in 
the optical sensor module 670. The upper right 
back corner of the assembled cassette 302 is sup- 
ported positioned by the right corner support wall 
396, which contacts the rear of the assembled 



cassette 302 behind the pump cylinder 1 1 2 and the 
portion of the right side of the assembled cassette 
302 adjacent the pump cylinder 112. 

When the assembled cassette 302 is pushed 

s fully back into place, the front of the assembled 
cassette 302 is tilted upward against the bottom of 
the pump chassis 370, with the first pair of angled 
segments 372 and 374 on the bottom of the pump 
chassis 370 fitting into the area between the front 

70 portion 242 of the slide latch 240 and the front top 
portion of the assembled cassette 302. The slide 
latch 240 is then pushed into the cassette body 
100, sliding the inverted L-shaped portion 250 of 
the slide latch 240 into engagement with the an- 

?s gled segment 372, and sliding the inverted, back- 
wards L-shaped portion 252 of the slide latch 240 
into engagement with the angled segment 374. The 
assembled cassette 302 will thus be held in posi- 
tion on the bottom of the pump chassis 370 until 

20 the slide latch 240 is again pulled back, releasing 
the assembled cassette 302. 

Simultaneously, the outlet tube 306 will be 
opened, but fluid will not flow through the outlet 
tube 306 since at least one of the valve actuators 

25 620 will be in its fully downward position at any 
given time, thereby preventing free flow through 
the assembled cassette 302 whenever the assem- 
bled cassette 302 is installed on the main pump 
unit. It will also be noted that in this initially in- 

30 stalled position, the piston cap portion 262 is lo- 
cated at the very top of the pump cylinder 112. 

It will be appreciated as discussed above that 
the power module cam 580 will operate both the 
reciprocations of the piston assembly 280 and the 

35 movement of the valve actuators 620A and 620B 
(Figure 112). The movement of the piston assem- 
bly 280 and the valve actuators 620A and 620B will 
correspond to the charts of Rgure 80, with the 
initially installed position corresponding roughly to 

40 the zero degree position in the charts. In this 
position, both the inlet valve actuator 620 A and the 
outlet valve actuator 620B are in their closed posi- 
tions. 

Note that the open positions of the inlet valve 
45 actuator 620A and the outlet valve actuator 620B 
are their fully upward positions, and that their 
closed positions are their fully downward positions. 
If both the inlet valve actuator 620A and the outlet 
valve actuator 620B were simultaneously not in 
so place on the domed portion 178 of the valve dia- 
phragm 170 of the assembled cassette 302, then 
the area including the first passageway 128, the 
smaller diameter aperture 1 18 to the pump cylinder 
112, and the second passageway 134 would be 
55 entirely open and fluid flow would be unrestricted. 

When the inlet valve actuator 620 A is in its 
closed or fully downward position, the portion of 
the domed portion 178 located between the first 
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passageway 128 and the smaller diameter aperture 
118 is forced down on to the portion of the slightly 
raised border 146 between the first passageway 
128 and the smaller diameter diameter aperture 
118, thereby preventing fluid flow between the first s 
passageway 128 and the smaller diameter aperture 
118. This position of the inlet valve actuator 620A 
is referred to as its closed position. 

Similarly, when the outlet valve actuator 620B 
is in its closed or fully downward position, the w 
portion of the domed portion 178 located between 
the smaller diameter aperture 118 and the second 
passageway 134 is forced down onto the portion of 
the slightly raised border 146 between the smaller 
diameter aperture 118 and the second passageway 75 
134, thereby preventing fluid flow between the 
smaller diameter aperture 118 and the second pas- 
sageway 134. This position of the outlet valve 
actuator 620B is referred to as its open position. 

The motor 606 will begin to drive the power 20 
module cam 580, causing the inlet valve actuator 
620A to open, with the outlet valve actuator 620B 
remaining closed, as shown in Figure 113. As the 
power module cam 580 continues to be turned by 
the motor 606 , the piston cap portion 262 will be 25 
drawn downwards in the pump cylinder 112, caus- 
ing fluid to be drawn into the pump cylinder 112 
from the fluid source (not shown) through the inlet 
tube 304, the bubble trap 104, and the first pas- 
sageway 128. When the pump cylinder 112 is 30 
filled, the inlet valve actuator 620A is closed. Only 
after the inlet valve actuator 620A is fully closed 
will the outlet valve actuator 620B be opened. 
Figure 114 shows the system with the outlet valve 
actuator 620B opened, prior to any fluid being 35 
pumped out. The main pump unit responds to an 
electronic control system (not shown) which op- 
erates the system. This electronic control system, 
which is preferably microprocessor-based, may be 
either conventional as known in the art, or it may 40 
differ to enhance the unique mechanical design of 
the system discussed herein. 

Fluid will be pumped by the motor 606 turning 
the power module cam 580, to drive the piston cap 
portion 262 upwards in the cylinder, forcing fluid 45 
out of the cylinder 112, and out of the assembled 
cassette 302 through the outlet tube 306, from 
which it is supplied to the patient through the 
injection set (not shown). It will be appreciated by 
those skilled in the art that the system may pump 50 
fluid at any rate chosen, by operating the motor 
606 at any given rate. In addition, the use of the 
position sensor 614 will provide a feedback signal 
indicating the exact position of the power module 
cam 580 and the piston assembly 280, thereby 55 
indicating precisely how much fluid has been 
pumped by the device. 



As noted previously, the rear-most portion of 
the assembled cassette 302 is located in the notch 
680 of the optical sensor module 670 when the 
cassette is installed in the main pump unit. This is 
illustrated in Figures 101 and 102, which show only 
the assembled cassette 302 and the optical sensor 
module 670. In some situations it may be desirable 
to use several different types of assembled cas- 
settes 302 with the system described herein. For 
example, different cassettes may require different 
stroke volumes to provide different flow ranges, or 
require different fittings on the inlet tube 304 and/or 
the outlet tube 306 of the cassettes. Special ap- 
plication cassettes such as internal pump cas- 
settes, continuous arteriovenous hemofiltration 
(CAVH) cassettes, continuous blood sampling cas- 
settes, or autotransfusion cassettes may be manu- 
factured. 

The use of the wrong cassette may present a 
high degree of danger, so it will be perceived that 
it is highly desirable to identify the particular cas- 
sette installed. This may be accomplished by the 
use of the three cassette identifying indicia 148, 
150 and 152. By making each of these indicia a 
binary bit, up to eight different codes may be 
generated. By using redundant coding to ensure 
fail-safe operation, three different cassettes can be 
identified. In addition, the absence of a cassette 
can also be detected. In the example illustrated in 
the drawings, the first and third cassette identifying 
indicia 1 48 and 1 52 are of a first type (identified as 
logic ONE for convenience), and the second cas- 
sette identifying indicia 150 is of a second type 
(identified as logic ZERO for convenience). 

With the assembled cassette 302 installed with 
its rear-most portion located in the notch 680 of the 
optical sensor module 670, the first indicia 148 is 
aligned with the first pair of sensor elements, 
namely the optical light source 686 and the optical 
light sensor 692. Similarly, the second indicia 150 
is aligned with the second pair of sensor elements, 
namely the optical light source 688 and the optical 
light sensor 694. Likewise, the third indicia 152 is 
aligned with the third pair of sensor elements, 
namely the optical light source 690 and the optical 
light sensor 696. 

The second cassette identifying indicia 10 
(logic ZERO) and the second pair of sensor ele- 
ments are shown in Figure 103. Light from the 
optical light source 688 shines through the aperture 
208 in the retainer cap 190, and onto the cassette 
body 100, where it is dispersed by the second 
cassette identifying indicia 150, which comprises 
an inverted V moulded into the bottom of the upper 
surface 102 of the cassette body 100. Various 
prism types of construction could also be used to 
disperse the light, so that it does not reach the 
optical light sensor 694, resulting in a logic ZERO 



25 



49 



EP 0 320 168 B1 



50 



being output by the optical light sensor 694. The 
inverted V could be moulded into the top side of 
the upper surface 102 of the cassette body 100, 
while other alternatives include using paint or some 
other physical blocking expedient instead of a dis- 
persing lens, or selectively moulding or not mould- 
ing one or more of the apertures 206, 208 and 21 0 
in the retainer cap 190 (Figures 13 and 14). 

The third cassette identifying indicia 1 52 (logic 
ONE like the first cassette identifying indicia 148, 
which is not shown here) and the third pair of 
sensor elements are shown in Figure 104. Light 
from the optical light source 690 shines through the 
aperture 210 in the retainer cap 190, and onto the 
third cassette identifying indicia 152 on the cas- 
sette body 100. The third cassette identifying indi- 
cia 152 is a cylindrical projection which extends up 
from the upper surface 102 of the cassette body 
100, and which acts as a light guide to conduct the 
light to the optical light sensor 696, where it causes 
the optical light sensor 696 to generate a logic 
ONE output. In the preferred embodiment, the cas- 
sette body 100 is constructed of a clear plastics 
material to allow the first cassette identifying indicia 
148 and the third cassette identifying indicia 152 to 
conduct the light. Also in the preferred embodi- 
ment, when there is no cassette 302 in place, all 
three outputs are logic ONES and this signal is 
used to indicate that no cassette has been installed 
or that the cassette 302 is improperly installed. 

It will therefore be appreciated that the use of 
the three cassette identifying indicia 148, 150 and 
152 allows the generation of three digital cassette 
identifying signals which are supplied from the 
optical sensor module 670 to the microprocessor 
(not shown) to identify the particular type of cas- 
sette which is installed. By using this cassette 
identifying system, inappropriate use of an installed 
cassette and/or improper cassette installation may 
be prevented. 

It is also desirable to provide an indication that 
the assembled cassette 302 has been properly 
installed on the main pump unit, with the latching 
mechanism properly closed. This occurs when the 
slide lock 560 is pushed fully back against the rear 
of the cassette guide 510. This is accomplished by 
sliding the slide latch 240 fully into the assembled 
cassette 302, with the tab 257 on the slide latch 
240 fitting into the notch 564 on the slide lock 560 
to drive the slide lock 560 back, thereby also 
latching the jaws assembly 360 onto the piston 
assembly 280. 

An indication of latching is provided through 
use of the optical light source 682 and the optical 
light sensor 684 on the bottom of the optical sensor 
module 670. When the slide lock 560 is in its 
loading or forward position shown in Figure 99, the 
bevel 570 on the slide lock 560 is adjacent the 



optical light source 682 and the optical light sensor 
684 on the bottom of the optical sensor module 
670, as shown in Figures 105 and 106. The pres- 
ence of the bevel 570 reflects the light coming 

5 from the optical light source 682 to the right, away 
from the optical light sensor 684, thereby prevent- 
ing a latch closed signal. When the slide lock 560 
is pushed fully back to its closed or rear-most 
position shown in Figure 1 00, the bevel 570 on the 

ro slide lock 560 is not adjacent the optical light 
source 682 and the optical light sensor 684, as 
seen in Figure 107. Rather, a reflective surface 567 
installed on the flat bottom of the rectangular con- 
necting segment 566 of the slide lock 560 reflects 

is light from the optical light source 682 into the 
optical light sensor 684, thereby generating a latch 
closed signal. The reflective surface 567 acts as a 
mirror, and may be a foil segment which could be 
hot stamped into the rectangular connecting seg- 

20 ment 566 or adhesively secured to the bottom of 
the rectangular connecting segment 566. 

Additional confirmation that the slide lock 560 
is closed with an assembled cassette in place may 
be obtained by verifying the cassette identifying 

25 indicia, as described above. In order to give an 
absolutely positive confirmation that a cassette is 
properly installed and that the slide lock 560 is in 
the closed position, the preferred embodiment will 
require correct signals from both the optical light 

30 sensor 684, and from the optical light sensors 692, 
694 and 696. 

One of the essential functions of the system is 
to enable the detection of air in the fluid line of the 
system. The air in line detection (AILD) system of 

35 the preferred embodiment is shown in Figure 108, 
and includes the recessed lens portion 138 in the 
assembled cassette 302, and a pair of sensor ele- 
ments, namely the optical light source 698 and the 
optical light sensor 700, in the optical sensor mod- 

40 ule 670. The recessed lens portion 138 is an op- 
tical viewing area in the fluid pathway through the 
assembled cassette 302, and in the preferred em- 
bodiment shown in Figure 108 is an inverted prism. 
The recessed lens portion 138 in this and other 

45 embodiments also includes a focusing lens, in- 
dicated generally at 697, The optical light source 
698 and the optical light sensor 700 are both 
mounted in the optical sensor module 670 below 
the recessed prismatic lens portion 138 in the 

so installed cassette 302. 

The optics of the system of Figure 108 makes 
use of the properties of fight as it moves from one 
medium to a less dense medium, and is a "reverse 
reflected" configuration. When there is air in the 

55 fluid channel, the light from the optical light source 
698 follows the path shown in Figure 108, under- 
going total internal reflection at the surfaces of the 
recessed prismatic lens portion 138 so that it is 
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directed downwards to the the optical light sensor 
700. Even if the upper surfaces of the recessed 
prismatic lens portion 138 are wetted with a liquid 
film, total internal reflection still occurs. When there 
is liquid in the channel, the light refracts through 
the recessed prismatic lens portion 138 into the 
liquid. If the liquid is clear, the light passes through 
the liquid, where it is either absorbed by the valve 
diaphragm 170 or the retainer cap 190, or passes 
through both the valve diaphragm 170 and the 
retainer cap 190. Accordingly, the valve diaphragm 
170 may be clear, absorptive of light, or may 
scatter the light, not returning enough light to the 
optical light sensor 700 to generate a signal indica- 
tive of air being in the fluid path. If the valve 
diaphragm 170 is clear, then the retainer cap 190 
may be clear, absorptive of light or may scatter the 
light, again not returning enough light to the optical 
light sensor 700 to generate a signal indicative of 
air being in the fluid path. If the liquid is opaque, it 
will absorb light. In any event, the light does not 
return to the photodetector. What little reflection of 
light may occur will be small compared to the case 
when air is present. 

The material requirements of the preferred em- 
bodiment shown in Figure 108 are that the cassette 
body 100 be made of clear material, and that the 
valve diaphragm 170 be made of material which is 
clear, absorptive to light, or effectively scatters 
light. If the valve diaphragm 170 is clear, the re- 
tainer cap 190 must then be made of material 
which is clear, absorptive to light or effectively 
scatters light. In summary, the fluid channel in the 
assembled cassette 302 is designated so that with 
the presence of air in the fluid channel, light sent 
by the optical light source 698 will be detected by 
the optical light sensor 700. With liquid contained 
in the fluid channel, little or no light will be de- 
tected, irrespective of the clarity or opaqueness of 
the liquid. It will therefore be appreciated by those 
skilled in the art that air bubbles in the line may be 
easily detected with the apparatus discussed 
above. 

There are three alternative embodiments to the 
arrangement illustrated in Figure 108. Firstly, in 
Figure 109, a reflective surface 702 is installed on 
the wall of the notch 680 opposite to the optical 
light source 698 and the optical light sensor 700. 
The recessed lens portion 138 in this embodiment 
is V-shaped, with light being directed from the 
bottom of the V. The materials of the cassette body 
100, the valve diaphragm 170, and the retainer cap 
190 are all clear. When a clear liquid is contained 
in the fluid pathway, light from the optical light 
source 698 will refract through to the reflective 
surface 702, and return to the optical light sensor 
700, giving a high signal. When air is present in the 
fluid pathway, the light from the optical light source 



698 will reflect off of the recessed lens portion 138 
without passing though it, thereby not reaching the 
optical light sensor 700. However, when lipids are 
contained in the fluid pathway, the light will refract 

5 through the recessed lens portion 138 and be 
absorbed by the lipids, giving a signal indicative of 
air in the fluid pathway. It will therefore be appre- 
ciated that the arrangement shown in Figure 109 is 
suitable for use with clear liquids only. 

w Figure 110 shows a further variation which 
uses a V-shaped channel, with the bottom of the V 
being flat. Light is directed from the optical light 
source 698 which in this case is mounted in the top 
wall of the notch 680 directly opposite the optical 

15 light sensor 700 on the bottom wall of the notch 
680. The materials of the cassette body 100, the 
valve diaphragm 170, and the retainer cap 190 are 
again clear. It will at once be appreciated that the 
signal received by the optical light sensor 700 will 

20 be low for lipids in the fluid pathway, and high for 
clear liquids in the fluid pathway. When air is 
present in the fluid pathway, some of the light will 
reflect off of the sides of the V, not reaching the 
optical light sensor 700, while some of the light will 

25 pass through the flat bottom of the V, reaching the 
optical light sensor 700. Therefore, for air a me- 
dium level signal will be received. The system of 
Figure 110 is accordingly a three level system and 
not digital. 

30 Figure 111 shows a third variation which uses a 
V-shaped recessed lens portion 138, with light be- 
ing directed from the top of the V. In this embodi- 
ment, the optical light source 698 and the optical 
light sensor 700 are mounted on the top wall of the 

35 notch 680, rather than in the bottom wall. The 
materials of the cassette body 100, the valve dia- 
phragm 170, and the retainer cap 190 are again all 
clear. The signal received by the optical light sen- 
sor 700 will be high with air in the fluid pathway 

40 since light will be reflected by the surfaces of the 
V, low with clear liquids in the fluid pathway since 
light will be transmitted via the V, and generally 
medium with lipids contained in the fluid pathway. 
The system of Figure 111 is a three level system 

45 like the system of Figure 110, but the optics of the 
system of Figure 110 are superior to the optics of 
the system of Figure 111. 

Figures 115 and 116 illustrate the operation of 
the pressure transducer system. The pressure dia- 

50 phragm 182 contacts the bottom of the pressure 
transducer 660, which is flat. Additionally, the pres- 
sure diaphragm 182 does not contact the pressure 
plateau 130 either on it stop or sides, making 
movements of the pressure diaphragm 182 highly 

55 accurate and sensitive. 

The pressure transducer 660 has a thin stain- 
less steel diaphragm 710 at the bottom. The dia- 
phragm 710 is supported at its edges by a stain- 
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less steel housing 712, which contains a passage- 
way 714 leading to the square segment 664. The 
square segment 664 contains a sensor element 
(not shown in detail) communicating with the pas- 
sageway 714, the sensor element being a standard 5 
silicon piezoresistive wheatstone bridge type de- 
vice 716. The passageway 714 is filled with sili- 
cone oil to communicate pressure on the dia- 
phragm 710 to the piezoresistive device 716. 

It will be appreciated by those skilled in the art jo 
that the fluid pressure within the assembled cas- 
sette 302 will be communicated through the pres- 
sure diaphragm 182 and the diaphragm 710 to the 
silicone oil in the passageway 714, and thereby to 
the piezoresistive device 716, which provides an is 
electrical indication of the pressure via the leads 
666. Accordingly, pressure may be measured to 
provide an indication of downstream occulsion, 
pumping, fluid pressure etc. 

Through the above discussion of the entire 20 
system, it is apparent that the system of the 
present invention provides a disposable cassette 
with a plurality of optical identifying bits and a main 
pump unit having apparatus for reading the iden- 
tifying bits contained on the disposable cassette. 25 
The disposable cassette of the present invention is 
of an advanced design retaining all of the advan- 
tages of such devices known in the past, and 
includes the identifying bits in an integral fashion in 
the construction of the cassette. The main pump 30 
unit contains an optical sensor module which reads 
the identifying bits on a disposable cassette in- 
stalled onto the main pump unit. The process is 
fully automatic, and requires absolutely no user 
input. The possibility of user error in indicating to 35 
the main pump unit what types of cassettes are 
installed on the main pump unit is thereby avoided. 

Claims 

40 

1. An identification system for a disposable cas- 
sette installed on a main unit in a medication 
infusion system including a first optical source 
providing a first light beam and a first optical 
signal sensor arranged to receive the first light 45 
beam, and a receiving module having an open- 
ing for receiving a projection on the cassette 
when the cassette is installed onto the main 
unit, characterised in that the receiving module 
is an optical receiving module (670) mounted so 
and further characterised by a second optical 
signal source (688) providing a second light 
beam and a second optical signal sensor ar- 
ranged to receive the second light beam; the 
first and second optical signal sources 55 
(686,688) being located in the optical receiving 
module (670) on one side of the opening (680) 
and the first and second optical signal sensors 



(692,694) being located in the optical receiving 
module (670) on the other side of the opening 
(680), opposite the first and second optical 
signal sources (686,688); a first identification 
element located on the projection on the cas- 
sette for controlling the passage of the first 
light beam through the projection on the cas- 
sette from the first optical signal source (686) 
to the first optical signal sensor (692), the first 
identification element alternatively being either 
conductive of light to allow passage of the first 
light beam or non-conductive of light to pre- 
vent passage of the first light beam; and sec- 
ond identification element (150) located on the 
projection on the cassette for controlling the 
passage of the second light beam through the 
projection on the cassette from the second 
optical signal source (688) to the second op- 
tical signal sensor (694), the second inden- 
tification element (150) alternatively being ei- 
ther conductive of light to allow the passage of 
the second light beam or non-conductive of 
light to prevent passage of the second light 
beam. 

2. A system as claimed in Claim 1 , characterised 
by a third optical signal source (690) located in 
the optical receiving module (670) on the said 
one side of the opening (680) a second optical 
signal sensor (696) located in the optical re- 
ceiving module (670) on the said other side of 
the opening (680) and a third identification 
element (152) located on the projection on the 
cassette. 

3. A system as claimed in Claim 1 or Claim 2, 
characterised in that respective signal sources 
(686,688,690) and signal sensors (692,694,696) 
and identification elements (148,150,152) are 
aligned. 

4. A system as claimed in any preceding Claim, 
characterised in that each identification ele- 
ment (148,150,152) either allows the corre- 
sponding light beam to pass through the cas- 
sette from the respective signal source 
(686,688,690) to the respective signal sensor 
(692,694,696) or prevents the light beam from 
passing. 

5. A system as claimed in any preceding Claim 
characterised in that the system uses redun- 
dant coding.. 

6. A system as claimed in any of Claims 2 to 5, 
characterised in that at least two of the iden- 
tification elements (148,150,152) must provide 
a particular output in order for that output to be 
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considered a valid output. 

7. A system as claimed in Claim 6, characterised 
in that when two of the identification elements 
(148,152) provide the said output, the third 
identification element (150) provides the op- 
posite output. 

8. A system as claimed in any preceding Claim 
characterised in that the optical signal source 
means (686,688,690) are light emitting diodes 
and/or the optical signal sensor means 
(692,694,696) are phototransistors. 

9. A system as claimed in any preceding Claim, 
characterised in that the identification elements 
(148,152) which pass light do so by conducting 
light from one side of the projection to the 
other, and preferably each comprises a cylin- 
drical segment having one end oriented to- 
wards one side of the opening (680) in the 
optical receiving module (670) and having the 
other end oriented towards the other side of 
the opening. 

10. A system as claimed in any preceding Claim, 
characterised in that the identification elements 
(150) which do not pass light either do so due 
to the presence on the projection of a material 
which is opaque to light or means located on 
the projection for diffusing light. 

11. A system as claimed in Claim 10, charac- 
terised in that the means for diffusion light 
comprises an inverted V (150) moulded into 
the projection, the inverted V (150) being made 
of clear material, or a prism which is oriented 
to diffuse light. 

PatentansprUche 

1. Erkennungssystem fur eine Einmal-Kassette, 
die auf einer Hauptpumpeneinheit in einem 
Medikamenten-lnfusionssystem angebracht ist, 
das eine erste, einen ersten Lichtstrahl erzeu- 
gende optische Quelle und einen ersten, zum 
Empfang des ersten Lichtstrahls eingerichteten 
optischen Signalsensor sowie ein Empfangs- 
modul mit einer Offnung zur Aufnahme eines 
Vorsprungs an der Kassette, wenn diese an 
der Hauptpumpeneinheit angebracht ist, auf- 
weist, dadurch gekennzeichnet, dafl das 
Empfangsmodul ein eingebautes optisches 
Empfangsmodul (670) ist, und weiter gekenn- 
zeichnet durch eine zweite, einen zweiten 
Lichtstrahl erzeugende optische Signalquelle 
(688) und einen zweiten, zum Empfang des 
zweiten Lichtstrahls eingerichteten optischen 



Signalsensor, wobei die erste und die zweite 
optische Signalquelle (686, 688) im optischen 
Empfangsmodul (670) auf einer Seite der Off- 
nung (680) und der erste und der zweite opti- 

5 sche Signalsensor (692, 694) im optischen 

Empfangsmodul (670) auf der anderen Seite 
der Offnung (680), der ersten und der zweiten 
optischen Signalquelle (686, 688) gegenGber- 
liegend, angeordnet sind, ferner durch ein er- 

w stes Identifizierungselement, das am Vor- 
sprung an der Kassette angebracht ist, urn den 
Durchtritt des ersten Lichtstrahls durch den 
Vorsprung an der Kassette von der ersten opti- 
schen Signalquelle (686) zum ersten optischen 

is Signalsensor (692) zu steuern, und das alterna- 

te entweder lichtleitend ist, urn einen Durchtritt 
des ersten Lichtstrahls zu ermoglichen, oder 
nicht-lichtleitend ist, urn einen Durchtritt des 
ersten Lichtstrahls zu verhindern, sowie durch 

20 ein zweites Identifizierungselement (150), das 

am Vorsprung an der Kassette angeordnet ist, 
urn den Durchtritt des zweiten Lichtstrahls 
durch den Vorsprung an der Kassette von der 
zweiten optischen Signalquelle (688) zum 

25 zweiten optischen Signalsensor (694) zu steu- 

ern, und das (150) alternativ entweder lichtlei- 
tend ist, urn einen Durchtritt des zweiten Licht- 
strahls zu ermoglichen, oder nichtlichtleitend 
ist, urn einen Durchtritt des zweiten Lichtstrahls 

30 zu verhindern. 

2. System nach Anspruch 1, gekennzeichnet 
durch eine dritte optische Signalquelle (690), 
die im optischen Empfangsmodul (670) auf der 

35 besagten einen Seite der Offnung (680) ange- 

ordnet ist, durch einen zweiten optischen Si- 
gnalsensor (696), der im optischen Empfangs- 
modul (670) auf der besagten anderen Seite 
der Offnung (680) angeordnet ist, sowie durch 

40 ein drittes, am Vorsprung an der Kassette an- 

geordnetes Identifizierungselement (152). 

3. System nach Anspruch 1 oder Anspruch 2, 
dadurch gekennzeichnet, da8 entsprechende 

45 Signalquellen (686, 688, 690) und Signalsenso- 

ren (692, 694, 696) und Identifizierungselemen- 
te (148, 150, 152) zueinander ausgerichtet 
sind. 

so 4. System nach einem der vorhergehenden An- 
sprOche, dadurch gekennzeichnet, da8 jedes 
Identifizierungselement (148, 150, 152) entwe- 
der einen Durchtritt des entsprechenden Licht- 
strahls durch die Kassette von der jeweiligen 

55 Signalquelle (686, 688, 690) zum jeweiligen 

Signalsensor (692, 694, 696) zulSfit oder ihn 
verhindert. 
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5. System nach einem der vorhergehenden An- 
spruche, dadurch gekennzeichnet, daB das Sy- 
stem mit einer redundanten Codierung arbeitet. 

6. System nach einem der Anspruche 2 bis 5, 5 
dadurch gekennzeichnet, da8 wenigstens zwei 

der Identifizierungselemente (148, 150, 152) 
ein bestimmtes Ausgangssignal erzeugen 
mussen, damit dieses Ausgangssignal als ein 
gultiges Ausgangssignal gilt. ;o 

7. System nach Anspruch 6, dadurch gekenn- 
zeichnet, daB, wenn zwei der Identifizierungs- 
elemente (148, 152) das besagte Ausgangssi- 
gnal erzeugen, das dritte Identifizierungsele- 75 
ment (150) das entgegengesetzte Ausgangssi- 
gnal erzeugt. 

8. System nach einem der vorhergehenden An- 
spriiche, dadurch gekennzeichnet, daB die op- 20 
trschen Signalquellen-Einrichtungen (686, 688, 
690) lichtemittierende Dioden und/oder die op- 
tischen Signalsensor-Einrichtungen (692, 694, 
696) Phototransistoren sind. 

25 

9. System nach einem der vorhergehenden An- 
sprllche, dadurch gekennzeichnet, daB die 
Identifizierungselemente (148, 152), die Licht 
durchlassen, dieses tun, indem sie Licht von 
einer Seite des Vorsprungs zur anderen leiten, 30 
und daB vorzugsweise jedes ein zylindrisches 
Segment umfaBt, dessen eines Ende zu einer 
Seite der Offnung (680) im optischen Emp- 
fangsmodul (670) und dessen anderes Ende 

zur anderen Seite der Offnung ausgerichtet ist. 35 

10. System nach einem der vorhergehenden An- 
sprOche, dadurch gekennzeichnet, daB die 
Identifizierungselemente (150), die kein Licht 
durchlassen, dies entweder aufgrund des Vor- 40 
handenseins eines KchtundurchlSssigen Materi- 
als am Vorsprung Oder aufgrund von am Vor- 
sprung angeordneten Mitteln zum Zerstreuen 

von Licht bewirken. 

45 

11. System nach Anspruch 10, dadurch gekenn- 
zeichnet, daB die Mittel zum Zerstreuen von 
Licht ein in den Vorsprung eingeformtes, urn- 
gedrehtes V (1 50) aus klarem Material Oder ein 
Prisma umfassen, das zum Zerstreuen von 50 
Licht ausgerichtet ist. 

Revendications 

1. Un systeme d'identification de cassette jetable 55 
instate sur une unite* principale dans un syste- 
me d'infusion de medication incluant une pre- 
miere source optique envoyant un premier 



faisceau lumineux et un premier capteur de 
signaux optiques agence* pour recevoir le pre- 
mier faisceau lumineux, et un module re*cep- 
teur ou est menagee une ouverture pour rece- 
voir une sail lie formee sur la cassette quand la 
cassette est installee sur I'unite* principale, ca- 
racte>is§ en ce que le module rScepteur est un 
module optique rScepteur monte* (670) et ca- 
racteVise en outre par une deuxieme source de 
signaux optiques (688) envoyant un deuxieme 
faisceau lumineux et un deuxieme capteur de 
signaux optiques agence* pour recevoir le 
deuxieme faisceau lumineux; la premiere et la 
deuxieme sources (686, 688) de signaux opti- 
ques etant positionnees dans le module recep- 
tee optique (670) sur un premier c6t6 de 
I'ouverture (680) et le premier et le deuxieme 
capteurs (692, 694) de signaux optiques &ant 
positionnes sur le module re'cepteur optique 
(670) sur I'autre cote* de I'ouverture (680, face 
a la premiere et la deuxieme sources (686, 
688) de signaux optiques, un premier 6 lament 
d'identification positionne sur la saillie de la 
cassette pour commander le passage du pre- 
mier faisceau lumineux a travers la saillie de la 
cassette depuis la premiere source (686) de 
signaux optiques vers le premier capteur (692) 
de signaux optiques, le premier element 
d'identification 6tant en alternance conducteur 
de la lumiere pour permettre le passage du 
premier faisceau lumineux ou non conducteur 
de la lumiere pour empecher le passage du 
premier faisceau lumineux; et un deuxieme 
Element d'identification (150) positionne* sur la 
saillie de la cassette pour commander le pas- 
sage du deuxieme faisceau lumineux a travers 
la saillie de la cassette depuis la deuxieme 
source (688) de signaux optiques vers le 
deuxieme capteur (694) de signaux optiques, 
le deuxieme eminent d'identification (150) 
gtant en alternance conducteur de la lumiere 
pour permettre le passage du deuxieme fais- 
ceau lumineux ou non conducteur de la lumie- 
re pour empecher le passage du deuxieme 
faisceau lumineux. 

2. Un systeme selon la revendication 1, caracteVi- 
s6 par une troisieme source (690) de signaux 
optiques position n^e dans le module recepteur 
optique (670) sur ledit premier cote* de Pouver- 
ture (680), un deuxieme capteur (696) de si- 
gnaux optiques positionne* dans le module re- 
cepteur optique (670) sur ledit autre cote* de 
I'ouverture (680) et un troisieme element 
d'identification (152) positionne* sur la saillie de 
la cassette. 
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3. Un systeme selon la revendication 1 ou la 
revendication 2, caracterise en ce que les 
sources respectives (686, 688, 690) de si- 
gnaux, les capteurs (692, 694, 696) de signaux 
et les elements ^identification (148, 150. 152) 
sont aligned. 

4. Un systeme selon une revendication pr6c6den- 
te quelconque, caracterise* en ce que chaque 
element d'identification (148, 150, 152), soit 
permet au faisceau lumineux correspondant de 
traverser la cassette a partir de la source res- 
pective (686,688, 690) de signaux vers le cap- 
teur respectif (692, 694, 696), soit empeche le 
passage du faisceau lumineux. 

5. Un systeme selon une revendication pr6c£den- 
te quelconque, caracterise* en ce que le syste- . 
me utilise un codage redondant. 

6. Un systeme selon Tune revendications 2 a 5, 
pr6c6dente quelconque, caracterise en ce 
qu'au moins des deux elements d'identification 
(148, 150, 152) doivent fournir une sortie parti- 
culiere pour que cette sortie soit consideVSe 
comme valide. 

7. Un systeme selon la revendication 6, caracteri- 
se* en ce que, quand deux des elements 
d'identification (148, 152) envoient ladite sortie, 
le troisieme element d'identification envoie la 
sortie opposed. 

8. Un systeme selon une revendication pr6c£den- 
te quelconque, caracterise en ce que les 
moyens de sources (686, 688, 690) de signaux 
optiques sont des diodes eiectro-luminescen- 
tes et/ou que les moyens capteurs (692, 694, 
696) de signaux optiques sont des phototran- 
sistors. 

9. Un systeme selon urie revendication prec^den- 
te quelconque, caracterise en ce que les ele- 
ments d'identification (148, 152) qui laissent 
passer la lumiere le font en conduisant la lu- 
miere d'un cdt£ de la saillie a I'autre, et cha- 
cun d'entre eux comprend de preference un 
segment cylindrique dont une premiere extre- 
mity est orientee vers un premier cote de 
I'ouverture (680) du module recepteur optique 
(670) et dont I'autre extremite est orientee vers 
I'autre cote de I'ouverture. 

10. Un systeme selon une revendication preceden- 
te quelconque, caracterise en ce que ces ele- 
ments d'identification (150) qui ne laissent pas 
passer le lumiere le font en raison, soit de la 
presence, sur la saillie, d'une matiere qui est 



opaque a la lumiere, soit de moyens position- 
n£s sur la saillie pour diffuser la lumiere. 

11. Un systeme selon la revendication 10 quelcon- 
5 que, caracterise en ce que le moyen de diffu- 

sion de lumiere comprend un V inverse (150) 
mould dans la saillie, le V inverse (150) etant 
en matiere transparente, ou un prisme qui est 
oriente pour diffuser la lumiere. 

w 
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